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Golden  at  the  School  of  Mines  on  the  second  Thursday  of  each 
month. 
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FRANCIS  MAURICE  VAN  TUYL,  A.  B.,  M.  S.   (University  of 
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LOUIS  A.  PACKARD,  M.  D.,  (University  of  Iowa) 
Athletic  Director 


THOMAS  COURTLAND  DOOLITTLE, 

Registrar  and  Business  Manager 

PEARL  GARRISON,  M.  Di.,  (Iowa  State  Normal  School) 
Librarian 

AUCE  B.  LYLE, 

Secretary  to  the  President 

FRIEDA  M.  WATKINS, 
Stenographer 

ARTHUR  L.  RAE, 

Superintendent  of  Grounds  and  Buildings 

HENRY  J.  GUTH, 

Pattern  Maker 

F.  H.  EYER, 

Stock  Clerk 


THB  COLORADO  SCHOOL  OF  MINBB  It 


SPECIAL  LECTURERS 


HON.  EDWARD  T.  TAYLOR,  Qlenwood  Springs.  Cola 
Th«  Panama  Canal 

FRANK  SL  SHEPARD.  Denyer,  Colo. 

PTMldent  Denrer  E^nglneeriDg  Works  Company 

Tha  Davalopmant  of  Modern  Mill  Systtma 
Raoant  Ad>mncaa  in  Coaraa  Crushing 

WALTER  0.  SWART.  Dalutb,  Minn. 
Mining  Engineer 

Recent  Developmenta  In  Dry  Milling 
Modem  Practice  in  Zinc  Metallurgy 
Electrostatic  Ore  Separation 

THOMAS  B.  CROWE,  Victor.  Colo. 
Snperintendent  New  Portland  Mill 

The  Metallurgy  of  Cripple  Creek  Ores 

JOHN  A.  TRAYLOR,  New  York.  N.  Y. 

President  Traylor  Engineering  Works  Co. 
Jigs 

U  S.  PIERCER  Denver,  Colo. 

The  Pierce  Amalgamator 

W.  H.  TRASK,  Jr.,  Denver,  Colo. 
Central  Colorado  Power  Co. 

Hoiating 

JOHN  L.  MALM,  Denver.  Colo. 
Metallurgical  Engineer 

The  Future  of  Chemical  Engineering 

JAMBS  M.  MeCLAVE,  Denver,  Colo. 
Metallorgist 

Ore  Concentration 

PHOJP  ARGALU  Denver,  Colo. 
Consulting  MetallnrgUt 

The  Flotation  Proceaa 

HON.  WAYNE  C.  WILLIAMS,  Denver.  Colo. 
State  Industrial  Commission 

The  Colorado  Workmen'a  Compension  Act 

M.  0.  HODNETTEL  Denver,  Colo. 
Union  Central  Life  Insoranee  Co. 

SafMy  and  Conaarvatlon  In  Life  Inauranoe 


.i 


14  THE  COLORADO  SCHOOL  OF  MINES 
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Gold  Mining  Camps  in  Colorado 

JAMES  H.  PLATT,  Toluca,  Mexico 
Mining  Engineer 
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DR.  HENRY  M.  PAYNE,  New  York,  N.  Y. 
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FRED  CARROLL,  Denver,  Colo. 
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The  Y.  M.  C.  A.  War  Fund 
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geology    can    be    carried    on    at    the    same    time    with    class 
instruction. 

In  the  immediate  vicinity  of  Golden  are  numerous  clay 
mines  which  produce  pottery  clay  and  fire  clay;  also  lime  and 
stone  quarries.  Within  a  few  miles  are  extensive  coal  mines 
well  equipped  with  hoisting  and  power  machinery;  pyritic  smelt- 
ing works;  and  the  sites  of  dredging  and  placer  operations. 

In  Clear  Creek  Canon,  a  short  distance  west  of  Golden,  are 
the  historic  mining  Camps  of  Central  City,  Black  Hawk,  Idaho 
Springs,  and  Georgetown,  where  placer  drift  mining  is  carried 
on  in  the  old  river  beds,  and  a  great  variety  of  lode  mines  and 
milling  plants  are  in  operation.  The  ores  of  this  district  vary 
from   free-milling  gold  quartz  to  complex  silver-lead-zinc  ores. 

Farther  west  is  the  camp  of  Breckenridge,  where  placer 
mining  is  carried  on,  and  the  mining  camps  of  Montezuma, 
Kokomo,  and  Robinson.  To  the  southwest  is  the  famous  Lead- 
ville  district,  well  known  for  its  rich  lead  and  zinc  ores.  West 
of  Leadville  is  the  once  renowned  silver  mining  camp  of  Aspen, 
and  to  the  north  of  Leadville  are  the  lead-zinc  camps  of  RedclifC 
and  Oilman. 

At  the  Globe  plant  of  the  American  Smelting  and  Refining 
Company  in  Denver  the  treatment  of  lead  ores  and  dry  ores  of 
gold  and  silver  is  illustrated.  Here  also  the  many  mining  and 
metallurgical  machinery  plants  afford  an  excellent  opportunity 
for  the  study  of  recent  improvements  in  metallurgical  design. 

West  of  Colorado  Springs  are  located  the  Portland,  the 
Standard,  and  the  Golden  Cycle  Mills,  which  treat  ore  from  the 
Cripple  Creek  district.  Farther  west  are  the  prominent  camps 
of  Victor  and  Cripple  Creek,  in  which  are  located  some  of  the 
famous  gold  mines  of  the  world.  Near  Victor  are  the  well 
known  Independence,  the  Portland,  and  the  Ajax  Mills,  where 
low-grade  Cripple  Creek  ores  are  successfully  treated. 

The  plant  of  the  Colorado  Fuel  and  Iron  Company,  at  Pueblo, 
possesses  all  the  recently  invented  and  approved  devices  for 
the  production  of  iron  and  steel  and  for  the  working  of  these 
products  into  marketable  forms.  At  Pueblo  are  located  the 
Pueblo  lead  smeltery  and  the  zinc  smeltery  of  the  Colorado 
Zinc  Company.  At  Florence  the  Union  Mill  is  located.  At 
Canon  City  is  the  plant  of  the  Etaipire  Zinc  Company.  The  Ohio 
and  Colorado  smeltery  is  located  at  Salida,  and  the  Arkansas 
Valley  smeltery  at  Leadville. 

In  the  southwestern  part  of  Colorado  is  the  famous  San  Juan 
mining  district,  which  includes  the  well  known  camps  of  Ouray, 
Telluride,  Silverton,  and  Lake  City,  where  many  great  mines 
are  located  and  some  of  the  most  efficient  milling  plants  in  the 
world  are  to  be  found. 
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Coal  mining  is  well  represented  In  Colorado  Dy  the  bltuml- 
nont  mines  of  the  northern  coal  fields,  the  anthracite  fields  ot 
Qlenwood  Springs,  the  coal  fields  of  Trinidad,  and  numerous 
smaller  fields.  Oil  fields  are  being  developed  and  operated  at 
Florence  and  at  Boulder. 

Many  prominent  mining  camps  in  neighboring  states  are 
easily  reached  from  Golden.  Among  these  are  the  great  copper 
districts  of  Montana,  Utah,  and  Arizona,  where  the  latest  min- 
ing, milling,  and  smelting  operations  are  in  progress;  the  iron 
mines  of  Wyoming;  and  the  gold  mining  camps  of  South  Dakota. 

No  other  mining  school  In  the  world  has  within  easy  access 
such  a  wide  variety  of  mining  properties,  or  such  excellent  oppor- 
tunities for  observing  the  latest  and  best  milling  and  smelting 
operations. 

HISTORY 

The  Colorado  School  of  Mines  was  established  by  an  act  of 
the  Territorial  Legislature,  approved  February  9,  1874.  Since 
that  time  the  School  has  enjoyed  a  strong  and  steady  growth  in 
buildings,  in  equipment,  in  students,  in  faculty,  and  in  the 
strength  and  rigor  of  Its  courses.  Additions  were  made  to  the 
original  buildings  of  1880.  by  the  building  of  1882.  and  by  the 
building  of  1890.  all  of  which  are  now  united  and  called  the 
Hall  of  Chemistry.  The  Hall  of  Physics  was  erected  in  1894. 
the  Assay  Laboratory  in  1900.  and  Stratton  Hall  in  1904.  The 
Heating.  Lighting,  and  Power  Plant  was  completed  in  1906.  The 
Administration  Building,  named  Simon  Guggenheim  Hall  for  the 
donor,  was  also  erected  in  1906.  The  Gymnasium  was  completed 
in  1908.  The  Experimental  Ore  Dressing  and  Metallurgical  Build- 
ing was  completed  in  1912. 

ORQANIZATION 

The  general  management  of  the  School  is  vested  by  statute 
in  a  Board  of  Trustees,  which  consists  of  five  members  appointed 
by  the  Governor  of  the  state,  with  the  advice  and  consent  of  the 
Senate.  The  members  of  the  Board  of  Trustees  are  appointed 
In  alternating  sets  of  two  and  three,  and  hold  their  office  for  a 
period  of  four  years  and  until  their  successors  are  appointed  and 
qualified.  The  Constitution  of  Colorado  recognizes  the  School 
of  Mines  as  an  Institution  of  the  State. 

FINANCIAL  SUPPORT 

The  Colorado  School  of  Mines  Is  supported  by  the  income 
derived  from  an  annual  mill  tax  of  the  state.  This  is  known  as 
the  "School  of  Mines  Tax. 
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BUILDINGS 


SIMON    GUGGENHEIM    HALL—Administratlon    Building 

This  building,  the  gift  of  Senator  Simon  Guggenheim,  was 
erected  and  furnished  at  a  cost  of  $80,000.  The  comer-stone 
was  laid  by  the  A.  F.  and  A.  M.  of  Colorado,  October  3,  1905. 
It  is  one  hundred  sixty-four  feet  long  by  fifty-seven  feet  wide 
and  is  surmounted  by  an  ornate  tower.  The  first  fioor  Is  de- 
voted entirely  to  the  department  of  geology  and  mineralogy,  and 
includes  lecture  room,  laboratory,  offices,  two  work  rooms  and  a 
public  museum;  the  second  fioor  contains  the  library,  the  offices 
of  the  President  and  Registrar,  the  Faculty  and  Trustees'  room; 
the  third  floor  contains  the  Assembly  Hall,  two  lecture  rooms  for 
mathematics,  an  office,  and  the  Tau  Beta  Pi  room.  The  building 
was  dedicated  October  17,  1906. 

HALL  OF  CHEMISTRY 

This  is  a  continuous  group  of  brick  buildings  which  com- 
prise the  buildings  of  1880,  1882,  and  1890.  The  combined  build- 
ings of  1880  and  1882  contain  the  main  chemical  laboratories. 
In  the  building  of  1890  are  the  office  and  laboratory  of  the  pro- 
fessor of  chemistry,  the  chemical  lecture  room,  the  physics  labo- 
ratory, three  recitation  rooms,  the  laboratories  for  gas  and  water 
analysis,  and  the  freshman  and  sophomore  drawing  room,  the 
safety  efficiency  laboratories. 

ASSAY  BUILDING 

This  building,  forty-six  by  ninety-two  feet,  was  built  in  1900 
with  funds  contributed  by  the  late  W.  S.  Stratton,  and  enlarged 
in  1905.  The  design  and  equipment  of  this  building  make  it  one 
of  the  best  of  its  kind  in  the  country. 

GYMNASIUM 

This  building,  costing  $65,000,  was  completed  in  September. 
1908.  The  first  fioor  contains  a  large  swimming  pool,  shower 
bath,  and  locker  room,  finished  in  white  marble  and  tiling. 
There  is  also  a  room  for  boxing  and  wrestling.  The  second 
floor  contains  the  offices  of  the  athletic  director,  athletic  board. 
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CARPENTER  SHOP 

This  is  well  equipped  for  the  special  demands  which  are 
continually  arising  in  a  technical  Bchool.  The  work  varies  from 
ordinary  repair  work  to  the  careful  construction  of  special 
apparatus  needed  in  the  various  laboratories. 

MACHINE   SHOP 

This  contains  the  necessary  machinery  for  the  maintenance 
and  repair  of  equipment  and  also  for  the  construction  of  such 
apparatus  as  is  required  for  carrying  on  any  new  or  original 
work. 
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The  engine  is  of  the  standard  Westinghouse  vertical  three- 
cylinder  type,  single  acting,  and  using  a  four-stroke  cycle.  The 
cylinders  are  15  in.  diam.  by  14-inch  stroke.  At  a  speed  of  257 
revolutions  per  minute,  the  engine  operating  on  the  producer  gas, 
delivers  118  b.  h.  p.  Compressed  air  is  used  for  starting,  and 
both  engine  and  producer  can  be  started  readily,  even  though 
they  have  stood  idle  for  several  days. 

Direct-connected  to  the  engine  through  a  spring  coupling 
is  a  100  kv-a,  2,300-volt  three-phase,  60-cycle  generator.  The 
current  is  transmitted  at  this  voltage  to  the  experimental  plant 
where  it  is  stepped  down  to  the  working  voltage  of  440.  The 
installation  is  such  that  the  100  kv-a  machine  can  be  operated 
in  parallel  with  a  steam  turbine  in  the  power  house.  In  case 
of  an  emergency  all  power  can  be  supplied  from  the  turbine 
alone. 

Sections 

The  plant  contains  four  sections  or  units — sampling,  con- 
centration, cyanidation,  and  a  fourth  devoted  to  roasting  and 
special  features  such  as  magnetic  and  electrostatic  separation 
and  flotation.  For  general  equipment  the  plant  contains  a  Curtis 
air  compressor,  bucket  elevator,  two  motor  operated  platform 
elevators  which  give  control  over  all  the  floors,  a  Ruggles-Cole 
dryer,  ore  bins,  track  scales,  turn  tables,  and  ore  cars. 

Sampling.  This  section  contains  the  following  equipment: 
One  Vezin  sampler,  one  Brunton  sampler,  one  portable  feed 
hopper,  one  set  of  8  by  20  inch  Traylor  rolls,  one  dust  collector, 
accessories  for  finishing  the  sample,  such  as  laboratory  crushers 
and  pulverizers,  bucking  board,  and  sample  riffles,  one  complete 
crude  oil  assay  furnace  outfit  equipment  for  chemical  analysis. 

Concentration.  This  section  contains:  One  7  by  10  inch 
Blake  crusher,  one  2  D  Gates  gyratory  crusher,  one  set  of  14  by 
30  inch  P.  and  M.  M.  rolls,  one  set  12  by  24  inch  P.  and  M.  M. 
rolls,  one  3%  foot  Huntington  mill,  one  3%  foot  Akron  Chilean 
mill  for  regrinding,  one  Richards  pulsator  jig,  one  Harz  jig  of 
one  compartment,  one  Harz  jig  of  four  compartments,  one  No. 
6  Wilfley  table,  one  Deister  sand  table,  one  Deister  slime  table, 
one  Richards  pulsator  classifier,  one  Johnston  vanner,  one  three 
compartment  classifier,  two  Callow  cones,  five  850  lb.  gravity 
stamps  equipped  with  amalgamating  plates,  one  2  foot  amalga- 
mating pan  made  by  the  Denver  Engineering  Works  Co.,  Pierce 
amalgamator,  and  clean  up  pans,  also  grizzlies,  impact  and  re- 
volving screens,  sand  pumps,  elevatots  and  concentrate  driers. 

For  preliminary  concentration:  One  Callow  minature  ore 
testing  plant,  which  includes  one  24  inch  Wilfley  table,  one  two 
compartment  jig,   one  set  hydraulic  classifiers,  one  6  in  by  4 
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for  the  purpose  of  class  instruction.  These  collections  are  nec- 
essarily changing  from  year  to  year,  as  new  material  is  con- 
stantly being  added.  This  new  material  is  obtained  partly  by 
purchase,  but  mainly  by  direct  collecting,  by  gifts,  and  by  means 
of  exchange  with  other  institutions.  The  display  collections  are 
not  thoroughly  classified,  but  are  arranged  in  different  cases 
with  a  view  to  displaying  certain  groups  of  minerals,  or  min- 
erals from  certain  localities.  The  various  collections,  which 
together  contain  sixty-six  thousand  specimens,  consist  of  dis- 
play, type,  and  working  or  study  collections  of  minerals,  fossils, 
rocks,  and  ores.  The  rock  collections  include  a  general  collec- 
tion from  different  countries,  one  devoted  to  Colorado  localities, 
and  still  others  that  cover  particular  countries  or  localities. 

MINERALOGICAL    LABORATORY 

Aside  from  the  special  advantages  due  to  location,  the  de- 
partment of  geology  is  admirably  equipped  for  practical  teach- 
ing.   The  entire  first  fioor  of  Guggenheim  Hall  is  occupied  by 
this  department.    The  south  end  of  the  building  is  occupied  by 
/  a  commodious  lecture  room,  with  a  seating  capacity  of  more 

than  a  hundred,  and  by  a  separate  mineralogical  laboratory 
with  table  space  for  between  fifty  and  sixty  students,  also  by 
two  small  recitation  rooms.  On  the  extreme  north  end  of  the 
building  is  the  public  museum,  devoted  to  a  display  of  fine  min- 
erals. Additional  space  is  provided  for  working  rooms,  office, 
packing,  and  storage  rooms. 

METALLURGICAL  COLLECTIONS 

The  School  has  a  fine  collection  of  models  from  the  works 
of  Theodore  Gersdorf,  Freiberg,  Saxony,  which  illustrate  types 
of  furnaces  in  this  and  other  countries.  Each  model  is  made  to 
scale  and  is  complete  in  every  detail.  In  addition  to  these  models 
are  the  following  to  illustrate  the  best  modem  practice:  Work- 
ing model  of  a  twenty-stamp  mill,  on  a  scale  of  one  and  one-half 
inches  to  the  foot;  working  model  of  crushing  rolls;  working 
model  of  a  Dodge  crusher;  model  of  modem  blast  furnace  for 
lead-silver  ores,  with  water  jackets,  smaller  models,  such  as  the 
complete  set  used  in  the  famous  Keyes  and  Arents  lead-well  suit. 
There  is  also  a  large  collection  of  ores,  ore  dressing  and  metal- 
lurgical samples  and  products. 

METALLURGICAL  LABORATORY 

This  laboratory  is  equipped  with  apparatus  for  the  study  of 
the  quantitative  relations  of  the  various  agencies  taking  part  in 
metallurgical  changes.  The  Junker,  the  Mahler  Bomb,  and  the 
Parr  calorimeters,  the  Wanner  optical,  the  Le  Chatelier,  and 
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Bristol  electrical  pyrometers,  together  with  several  electrical 
furnaces  and  a  Hoskin  gasoline  furnace,  are  useU  for  obtaining 
the  desired  temperature  for  experimentation.  Desks  and  appa- 
ratus are  provided  for  small-scale  work  In  concentration,  amal- 
gamation, chlorination,  and  cyanidation.  Ten  separate  flotation 
cells  of  the  Minerals  Separation  Company's  type  and  a  Callow 
pneumatic  cell,  all  power  driven,  are  provided  for  the  experi- 
mental work  in  the  flotation  process.  The  necessary  chemical 
equipment  for  analyses  is  also  provided.  For  the  physical  ex- 
amination of  ores  and  metallurgical  products,  five  small  dissect- 
ing, two  Leitz,  and  one  Bausch  and  Lomb  compound  metallog- 
raphic  microscopes  are  provided.  The  necessary  standard 
screens  are  available.  Provision  for  large  scale  work  is  made  in 
the  experimental  ore  dressing  and  metallurgical  plant. 

ASSAY   LABORATORY 

This  laboratory  is  divided  into  parting,  balance,  furnace, 
storeroom,  and  office.  It  is  equipped  with  thirty-two  coal-fired 
mufHe  furnaces,  seven  Case  distillate  furnaces,  one  gasoline 
furnace,  two  Braun  cupel  machines,  two  Her  cupel  machines, 
and  two  bullion  rolls,  one  of  which  is  of  the  Braun  type.  In 
order  to  avoid  dust,  change  of  temperature,  and  direct  sun- 
light, the  balance  room  has  no  outside  walls,  and  is  lighted  by 
means  of  skylight.  The  equipment  includes  seven  special  pulp 
balances,  five  silver  balances,  three  gold  balances,  one  Thomp- 
son multiple  rider  balance,  and  one  Mine  &  Smelter  Supply 
Company  button  balance,  Wilfred  Heusser  type.  No.  1000,  sensi- 
tive to  1-500  milligram.  This  variety  is  selected  In  order  to 
acquaint  the  student  with  the  various  mechanisms  and  adjust- 
ments in  assay  balances.  Each  student  has  his  own  muffle,  with 
his  own  coal  bin,  pulp  balance,  and  desk,  conveniently  arranged 
with  regard  to  his  furnace;  he  has  also  access  In  the  balance 
room  to  the  best  type  of  assay  and  pulp  balances. 

SURVEYING    EQUIPMENT 

The  equipifient  of  the  department  of  surveying  is  well 
adapted  to  the  practical  course  given.  For  transit  work  there 
are  twenty-four  light  mountain  transits,  of  which  eleven  are 
equipped  for  underground  surveys.  There  are  also  three  heavy 
transits,  one  of  which  is  of  Elnglish  and  one  of  German  make. 
In  addition  to  the  transits  there  are  three  plane  tables  for  taking 
topography.  For  leveling,  seven  wye  levels  and  five  dumpy 
levels  of  standard  manufacture  are  used.  The  department  is 
well  supplied  with  leveling  rods  of  various  makes  and  types, 
stadia  rods,  tapes,  hand  levels,  pocket  transits,  range  poles,  and 
other  accessories.     The  instruments  are  manufactured  by  such 
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Vn.    LITHOLOGT     Lectures  and  Laboratory 

Credit  two  hours. 

The  object  of  this  course  is  to  present  all  the  more  commonly 
occurring  rocks  in  such  a  way  as  to  render  their  identification 
at  sight  reasonably  accurate.  The  methods  pursued  are  purely 
those  applicable  to  the  hand  specimen  without  the  aid  of  micro- 
scopic sections.  The  collection  of  the  school  is  especially  rich 
in  those  rocks  that  are  usually  encountered  in  mining  operations 
in  Colorado  and  adjacent  states.  Special  emphasis,  therefore,  is 
laid  upon  such  rocks  and  upon  their  various  alteration  forms. 

Lectures  one  hour,  laboratory  three  hours  a  week  during 
the  second  semester  of  the  junior  year. 

Required  in  Groups  I  and  IV.  (Zlegler,  Van  Tuyl) 

VIII.  MICROSCOPIC  PETROGRAPHY 

Credit  two  hours. 

In  this  course  the  study  of  rocks  and  rock-forming  minerals 
is  carried  on  with  the  help  of  the  petrographic  microscope. 
It  covers  (a)  the  study  of  the  optical  properties  of  minerals 
with  a  view  to  their  identification,  and  (b)  systematic  petrog- 
raphy or  the  identification  of  rock  types  by  means  of  their 
structures  and  mineral  components. 

Laboratory  six  hours  a  week  during  the  first  semester  of 
the  senior  year. 

Required  in  Group  IV. 

Course  IX  may  be  substituted.  (Ziegler) 

IX.  INDEX    FOSSILS    OF    NORTH   AMERICA     Lectures   and 

Laboratory 

Credit  two  hours. 

A  course  planned  to  meet  the  needs  of  students  who  desire 
to  fit  themselves  for  work  in  oil  geology  and  all  others  to  whom 
the  ability  to  determine  the  age  of  sedimentary  rocks  by  means 
of  their  fossils  may  be  of  value.  Only  the  more  important  guide 
fossils  of  each  system  are  studied.  Special  attention  is  given 
to  the  fossils  characteristic  of  western  formations  of  economic 
importance. 

Prerequisite:  Course  V 

References:   Shimer,  An  Introduction  to  the  Study  of  Fos- 
sils 
Grabau   and   Shimer,    Index   Fossils  of   North 
America 
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Six  hours  laboratory  a  week  during  the  first  semester  of 
the  senior  year. 

Required  in  Group  IV. 

Course  VIII  may  be  substituted.  (Van  Tuyl) 

X.  ORB  DEPOSITS     Lectures 

Credit  two  hours. 

This  course  treats  of  the  nature,  origin,  and  occurrence 
of  ore  deposits.  Among  other  subjects  the  criteria  useful  in  the 
recognition  of  the  various  types  of  ore  deposits,  the  changes  in 
the  character  of  ores  with  depth,  and  mineral  associations  and 
alterations,  are  discussed.  Those  features  likely  to  ^e  of  use 
in  the  examination  of  mining  prospects  receive  special  attention. 

Prerequisites:  Courses  I,  II,  III,  IV,  and  VII 

References:  Beyshlag,  Vogt  and  Krusch,  Deposits  of  Use- 
ful Minerals  and  Rocks 
Lindgren,  Mineral  Deposits 

Lectures  two  hours  a  week  during  the  first  semester  of  the 
senior  year. 

Required  in  Group  IV.  (Ziegler) 

XI.  ECONOMIC  GEOLOGY     Lectures 

Credit  two  hours. 

This  course  includes  a  discussion  of  the  more  important 
mining  districts  of  North  America.  In  addition  to  ore  deposits 
the  more  important  non-metallic  products  and  their  distribu- 
tion  are  included. 

Prerequisite:  Course   X 

References:  Lindgren,  Mineral  Deposits 

Beyshlag,  Vogt  and  Krusch,  Deposits  of  Use- 
ful Minerals  and  Rocks 

.Lectures  two  hours  a  week  during  the  second  semester  of 
the  senior  year. 

Required  in  Group  IV.  (Ziegler) 

XII.  OIL  AND  GAS     Lectures 
Three  credit  hours. 

The  chemistry  and  physics  of  the  natural  hydrocarbons, 
their  origin,  type  of  occurrence  and  geologic  setting  will  be 
discussed  in  detail.  Emphasis  will  be  placed  on  the  principles 
and  laws  of  oil  accumulation  applicable  to  all  fields.  An  effort 
will  be  made  to  train  the  student  in  the  interpretation  of  the 
structural  and  geological  phenomena  characteristic  of  oil  and 
gas  fields. 
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Prerequisites:  Course  I  to  VII,  inclusive 

References:  Johnson   and  Huntley,   Oil   and   Gas   Produc- 
tion 
Hager,  Practical  Oil  Geology 
Ehigler  and  Hoefer,  Das  Erdol 
Bacon  and  Hamor,  the   American   Petroleum 
industry 

Three  hours  a  week  during  the  second  semester  of  the 
senior  year. 

Required  in  Group  IV.  (Ziegler) 

XIII.     FIELD  GEOLOGY 

Credit  three  hours. 

This  course  is  intended  to  give  field  practice  in  geologic 
mapping  and  in  the  working  out  of  structural  details.  The 
area  selected  is  divided  among  individual  squads  and  a  com- 
plete map  with  structural  sections  is  prepared  through  cooper- 
ation of  the  different  squads.  The  work  covers  four  weeks 
at  the  close  of  the  junior  year.  Camping  equipment  and  in- 
struments are  furnished  by  the  school.  The  student  is  expected 
to  furnish  bedding.  The  expense  of  the  course  will  vary  some- 
what according  to  the  location  of  the  area  worked.  Ordinarily 
forty  to  forty-five  dollars  should  cover  all  actual  field  expenses. 

Prerequisites:  Courses  V,  VI,  and  VII 

Required  in  Group  IV  (Ziegler,  Van  Tuyl) 


4f  ^ 


THE  COLORADO  SCHOOL  OP  MINES  71 


MATHEMATICS 


Charles   Roland    Burger,   Professor 

George  Eulas  Foster  Sherwood,  Associate  Professor 


The  courses  in  this  department  have  been  arranged  to  meet 
the  extensive  needs  of  students  in  the  various  branches  of 
engineering.  The  subjects  are  treated  so  as  to  give  the  student 
both  logical  training  and  power  of  application.  The  principles 
which  are  of  greatest  value  in  engineering  work  are  particularly 
emphasized.  The  courses  offered  serve  as  a  sufficient  prereq- 
uisite for  the  work  in  mathematical  physics,  physical  chemistry, 
engineering  and  applied  mechanics;  and  they  mark  the  mini- 
mum of  mathematical  attainments  that  an  engineer  ought  to 
possess.  A  special  feature  of  the  work  is  the  early  introduc- 
tion of  the  calculus,  the  principles  of  which  are  introduced 
with  those  of  analytic  geometry  and  developed  as  needed,  .thus 
disregarding,  to  a  certain  extent,  the  traditional  barrier  that 
has  existed  between  these  subjects.  By  this  means,  the  prin- 
ciples of  the  calculus  are  allowed  to  develop  slowly,  their  sphere 
of  usefulness  is  widened,  the  student  gains  a  better  grasp  of 
mathematics  as  a  whole,  and  is  able,  early  in  his  course,  to 
make  direct  application  of  his  knowledge  of  mathematics  to 
practical  problems. 

I.     COLLEXJE  ALGEBRA 

This  course  begins  a  rapid  review  of  the  fundamental  oper- 
ations as  far  as  quadratics.  Graphical  work  is  early  introduced 
in  the  belief  that  the  illumination  which  it  affords  greatly  en- 
livens the  entire  presentation  of  the  subject  and  brings  algebra 
into  closer  relationship  with  the  other  mathematical  courses. 
Quadratics  are  given  special  emphasis.  The  progressions,  in- 
equalities, mathematical  induction,  proportion,  variation,  theory 
of  limits,  series,  the  binominal  theorem,  logarithms,  exponentials, 
and  determinants  are  all  amply  treated.  Methods  of  approxi- 
mating the  roots  of  numerical  equations  are  especially  em- 
phasized. 

Much  time  is  given  to  drill  work  in  calculations  involving 
formulas  often  met  in  engineering  work.  A  special  feature  of  the 
course  is  the  persistent  use  of  graphic  methods  in  presenting 
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for  the  purpose  of  class  instruction.  These  collections  are  nec- 
essarily changing  from  year  to  year,  as  new  material  is  con- 
stantly being  added.  This  new  material  is  obtained  partly  by 
purchase,  but  mainly  by  direct  collecting,  by  gifts,  and  by  means 
of  exchange  with  other  institutions.  The  display  collections  are 
not  thoroughly  classified,  but  are  arranged  in  different  cases 
with  a  view  to  displaying  certain  groups  of  minerals,  or  min- 
erals from  certain  localities.  The  various  collections,  which 
together  contain  sixty-six  thousand  specimens,  consist  of  dis- 
play, type,  and  working  or  study  collections  of  minerals,  fossils, 
rocks,  and  ores.  The  rock  collections  include  a  general  collec- 
tion from  different  countries,  one  devoted  to  Colorado  localities, 
and  still  others  that  cover  particular  countries  or  localities. 

MINERALOGICAL   LABORATORY 

Aside  from  the  special  advantages  due  to  location,  the  de- 
partment of  geology  is  admirably  equipped  for  practical  teach- 
ing.   The  entire  first  floor  of  Guggenheim  Hall  is  occupied  by 
this  department.    The  south  end  of  the  building  is  occupied  by 
/  a  commodious  lecture  room,  with  a  seating  capacity  of  more 

than  a  hundred,  and  by  a  separate  mineralogical  laboratory 
with  table  space  for  between  fifty  and  sixty  students,  also  by 
two  small  recitation  rooms.  On  the  extreme  north  end  of  the 
building  is  the  public  museum,  devoted  to  a  display  of  fine  min- 
erals. Additional  space  is  provided  for  working  rooms,  office, 
packing,  and  storage  rooms. 

METALLURGICAL  COLLECTIONS 

The  School  has  a  fine  collection  of  models  from  the  works 
of  Theodore  Gersdorf,  Freiberg,  Saxony,  which  illustrate  types 
of  furnaces  in  this  and  other  countries.  Each  model  is  made  to 
scale  and  is  complete  in  every  detail.  In  addition  to  these  models 
are  the  following  to  illustrate  the  best  modem  practice:  Work- 
ing model  of  a  twenty-stamp  mill,  on  a  scale  of  one  and  one-half 
inches  to  the  foot;  working  model  of  crushing  rolls;  working 
model  of  a  Dodge  crusher;  model  of  modern  blast  furnace  for 
lead-silver  ores,  with  water  jackets,  smaller  models,  such  as  the 
complete  set  used  in  the  famous  Keyes  and  Arents  lead-well  suit. 
There  is  also  a  large  collection  of  ores,  ore  dressing  and  metal- 
lurgical samples  and  products. 

METALLURGICAL  LABORATORY 

This  laboratory  is  equipped  with  apparatus  for  the  study  of 
the  quantitative  relations  of  the  various  agencies  taking  part  in 
metallurgical  changes.  The  Junker,  the  Mahler  Bomb,  and  the 
Parr  calorimeters,  the  Wanner  optical,  the  Le  Chatelier,  and 
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well  known  firms  as  C.  L.  Berger  &  Sons,  Buff  &  Buff,  Heller  & 
Brightly,  Eugene  Dietzgen  &  Co.,  Peter  Herr  &  Co.,  W.  and  L. 
E.  Gurley,  Keuffel  &  Esser,  William  Ainsworth  &  Sons,  Weiss 
&  Heitzler,  Young  &  Sons,  Negretti  &  Zambra  (English),  and 
Max  Hildebrand  (German). 

CHEMICAL  LABORATORIES 

The  freshman,  sophomore,  and  junior  laboratories  accom- 
niodate  two  hundred  and  fifty  students,  and  are  equipped  with 
especially  designed  tile-topped  oak  desks,  provided  with  low 
reagent  shelves,  gas,  water,  filter  pumps,  and  large  porcelain 
sinks.  The  balance  rooms  are  equipped  with  Sartorius,  Becker, 
and  Spoerhase  balances.  Gas  is  supplied  to  the  building  from 
a  300-light  Detroit  gas  machine,  which  is  connected  with  buried 
supply  tanks  outside  the  buildings.  Good  ventilation  is  obtained 
by  means  of  two  Sturtevant  fans. 

HYDRAULIC  LABORATORY 

The  hydraulic  laboratory  contains  weirs  and  orifice  tanks 
for  the  determination  of  coefficients  of  discharge,  calibrated 
tanks  for  water  measurements,  a  steel  pressure  tank  for  arti- 
ficial heads,  pumps  for  water  supply,  and  gages  for  pressure. 
A  hydraulic  ram  is  used  to  illustrate  this  class  of  apparatus 
and  for  testing.  A  long  sheet-iron  trough  with  a  car  over  it 
is  used  for  calibrating  current  meters.  Water  wheels  and  cen- 
trifugal pumps  are  tested  for  efficiency  under  various  condi- 
tions of  head  and  load.  A  swinging  tank  is  used  to  measure 
jet  reactions.  Friction  losses  in  pipes  and  elbows  are  measured. 
Hook  gages  are  used  for  the  accurate  determination  of  low 
heads.  Streams  and  ditches  in  the  vicinity  of  Golden  are  gaged 
by  means  of  the  current  meter,  by  rod  floats,  by  slope,  and  by  a 
Pitot  tube.  A  two-inch  Venturi  meter  and  manometer  set  is  used 
in  measuring  pipe  flow. 

PHYSICAL  LABORATORIES 

The  physical  laboratory  is  in  the  basement  of  the  Chemistry 
Building.  Adjoining  the  main  laboratory  is  a  balance  and  in- 
strument room,  and  a  dark  room  containing  a  complete  Lummer- 
Brodhun  photometer  and  an  optical  bench.  The  equipment  is 
particularly  adapted  to  the  instruction  of  students  of  engineer- 
ing, and  is  designed  to  teach  the  principles  of  elasticity  and 
efficiency  of  machines,  composition  and  resolution  of  forces, 
various  forms  of  motion,  density,  velocity  and  pitch  of  sound, 
focal  length  of  lenses,  magnifying  power,  and  the  principles 
of  the  construction  of  telescopes.  The  heat  equipment  is  partic- 
ularly  well,  adapted  for  calorimetry.  heat  expansion  determina- 
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Laval  turbine,  a  30  kw.  1,100  volt,  125  cycle,  single  phase  General 
Electric  alternator,  a  15  kw.  130  volt  compound,  continuous 
current  generator  designed  and  built  at  the  school,  an  8  kw. 
Crocker- Wheeler  generator,  a  6  kw.  130  volt  Westinghouse  gene- 
rator, a  7%  kw.  125  volt  compound  machine,  a  3  kw.  5  and  10 
volt  electrolytic  generator,  a  small  single  phase  rotary  converter, 
a  2  kw.  120  volt  compound  Brush  machine,  a  series  arc  light 
machine,  and  a  small  Edison  shunt  generator.  The  Bullock 
generators  can  be  connected  at  the  switchboard  to  supply  the 
120-240  volt  3  wire  lighting  and  power  circuits,  or  they  can 
be  put  in  parallel  and  thus  supply  more  than  600  amperes  for 
electrothermic  work.  The  motors  include  a  10  h.  p.  220  volt, 
60  cycle,  3  phase  constant  speed  induction  motor  of  Greneral 
£Ilectric  make,  two  5  h.  p.  series  motors  with  controllers,  a  5  h.  p. 

3  phase,  two-speed  induction  motor,  used  for  electric  drilling,  a 

4  h.  p.  single-phase  Wagner  motor,  a  400-2,000  rev.  per  min.  ad- 
justable speed  experimental  motor  designed  and  built  at  the 
school,  a  20  h.  p.  series  motor,  and  a  large  number  of  3  phase 
motors  and  shunt  machines  of  standard  makes  in  daily  use  about 
the  shops  and  buildings.  The  storage  batteries  of  54  cells  each 
are  in  daily  use  and  are  available  for  study.  In  addition  to 
these  generators  and  motors,  a  modem  5  panel  d.  c.  switchboard 
and  7  panel  a.  c.  and  d.  c.  switchboard  with  the  usual  instru- 
ments, switches,  and  auxiliaries,  afford  excellent  opportunities 
for  the  study  of  electric  plant  equipment.  The  engine  room  is 
utilized  as  a  part  of  the  dynamo  laboratory,  but  the  laboratory 
in  stratton  Hall,  equipped  with  numerous  circuit  outlets  and 
portable  instruments,  is  used  chiefly  for  the  study  of  motors 
and  their  auxiliaries.  At  present  there  are  78  generators  and 
motors  available  for  study.  Transformers  up  to  80,000  volts  are 
in  use. 

MINING   LABORATORY 

The  laboratory  work  in  mining  is  carried  on  principally  at 
the  tunnel  belonging  to  the  school.  The  equipment  here  con- 
sists of  numerous  drills  which  are  taken  apart,  reassembled, 
and  used  by  the  student;  forges,  anvils  and  tools  for  blacksmith- 
ing;  the  air  receiver^  valves,  gages,  fuses  and  switches  con- 
nected with  the  compressed  air  and  electric  power  transmission 
from  the  power  plant;  two  mining  cars;  materials  for  track  lay- 
ing, and  all  other  supplies  usually  found  at  a  tunnel  house. 
Among  the  makes  of  rock  drills  used  by  the  students  are  Rand, 
Ingersoll,  Sergeant,  Leyner,  McKieman,  Wood,  Hardsocg,  Shaw, 
Ingersoll-Leyner,  Dreadnaught,  Waugh,  and  Temple-IngersoU. 
All  of  the  mountings,  such  as  bars,  tripods,  and  arms,  and  a 
supply  of  drill  steel,  are  also  provided.  For  the  measurement 
of  air  consumption  in  drilling  operations,  the  Clark,  Drillometer, 
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one  set  Westfalia  oreathing  apparatus,  onelialf-lioiir  tjrpe;  all 
equipped  with  eztr.i  oxygen  cylinders,  Tarious  accessories,  and 
supplies;  four  large  oxygen  cylinders  for  storage;  <Mie  refilling 
pump;  one  pulmotor;  one  lungmotor;  EMison,  Manlite,  and  Wico 
electric  lamps,  with  charging  station;  electric  flash  li^ts;  Tar- 
ious types  of  safety  lamps;  stretchers,  splints,  bandages,  com- 
presses, and  all  other  necessary  first  aid  material;  fuse,  squibs, 
electric  detonators,  and  shot-firing  batteries;  mine  telephones, 
mine  signs,  and  other  safety  and  efficiency  appliances. 

DRAWING    ROOMS 

Freshman  and  Sophomore.  This  occupies  the  upper  fioor  of 
the  Hall  of  Chemistry.  The  fioor  area  is  about  four  thousand 
square  feet.  It  is  lighted  by  windows  cm  the  north,  east,  and 
west,  and  by  eight  large  skylights  in  the  roof.  A  suitable  oflice 
for  the  instructors  is  in  a  central  position,  in  which  all  drawings 
are  filed  and  all  records  are  kept.  Each  student  is  proTided 
with  a  drawing  table,  a  drawer,  a  drawing  board,  and  a  stool. 
The  present  equipment  accommodates  about  one  hundred  fifty 
students.  There  are  many  models  to  aid  the  students  in  their 
work. 

Junior  and  Senior.  The  entire  third  fioor  of  Strattcm  Hall 
is  used  for  the  junior  and  senior  drawings.  The  room  is  90  by  60 
feet,  lighted  by  windows  and  a  large  skylight.  ESacA  student  is 
proTided  with  a  drawing  table,  a  drawer,  a  drawing  board,  and 
a  stool.  Most  of  the  drawing  tables  are  independent  and  ad- 
justable. The  room  has  recently  been  equipped  with  especially 
constructed  tables  for  the  advanced  work  of  the  seniors.  The 
present  equipment  accommodates  about  one  hundred  sixty 
students.  There  is  a  blue-print  room  fully  equipped  with  an 
adjustable  printing  frame  and  all  other  necessary  appliances. 
In  one  comer  of  the  room  is  the  oflice  of  the  instructors,  where 
all  drawings  and  records  are  filed.  There  are  for  the  use  of  the 
students  a  complete  set  of  trade  catalogues  and  a  large  number 
of  blue  prints  from  industrial  corporations.  These  are  kept  up 
to  date. 
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cover  the  requirements  for  entrance.  Blanks  for  this  purpose 
will  he  sent,  on  application  to  the  registrar. 

Graduates  of  accredited  high  schools  in  other  states  will  be 
accepted  in  the  same  manner  as  graduates  of  accredited  high 
schools  in  Colorado. 

(b)  By  Examination. 

All  other  candidates  for  admission  will  be  required  to  pass 
entrance  examination.    These  examinations  are  held  in  €k>lden. 

For  the  benefit  of  any  student  who  cannot  take  the  exam- 
ination in  Golden,  conveniently,  on  account  of  the  distance, 
arrangements  will  be  made  so  that  he  may  take  the  examina- 
tion under  the  direction  of  some  responsible  person  at  his  own 
home,  or  near  it. 

Entrance  examinations  for  the  class  of  1922  will  be  held  in 
Golden  on  Wednesday,  Thursday  and  Friday,  August  28,  29,  and 
30,  1918. 

It  is  the  opinion  of  the  Faculty  of  the  Colorado  School  of 
Mines  that  every  candidate  for  the  freshman  class  should  have 
taken  a  thorough  course  of  at  least  four  years  in  a  good  high 
school,  or  its  equivalent,  and  during  the  last  year  of  his  prepara- 
tion should  have  had  a  thorough  review  of  mathematics.  Special 
attention  should  be  given  to  the  preparation  in  chemistry  and 
physics. 

If  a  first  year  student  is  found  to  be  deficient  in  any  of  the 
subjects  required  for  entrance,  the  faculty  reserves  the  right  to 
require  such  student  to  remove  his  deficiency  before  proceeding 
with  his  regular  work. 

REGISTRATION 

The  first  Monday  and  Tuesday  of  September  are  the  regis- 
tration days  for  the  first  semester;  and  the  first  day  of  the  sec- 
ond semester  is  the  registration  day  for  that  semester. 

DESCRIPTION  OF  THE  UNITS  REQUIRED  FOR  ENTRANCE 

E3NGUSH  (3  Units) 

(a)  Grammar  The  student  should  have  a  suflacient  knowl- 
edge of  EJnglish  grammar  to  enable  him  to  point  out  the  syn- 
tactical structure  of  any  sentence  which  he  meets  in  the  pre- 
scribed reading.  He  should  also  be  able  to  state  intelligently 
the  leading  grammatical  principles  when  he  is  called  upon  to 
do  so. 

(b)  Reading  The  books  prescribed  by  the  Joint  Commit- 
tee on  Uniform  Entrance  Requirements  in  English  form  the  basis 
for  this  part  of  the  work. 

The  list  is  divided  into  two  parts:  the  first  consists  of  books 
to  be  read  with  attention  to  their  contents  rather  than  to  their 
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Hill  Oration;  Macaulay's  Life  of  Johnson,  or  Carlyle's  Essay  on 
Bums. 

(c)  Composition  Regular  and  persistent  training  in  both 
written  and  oral  composition  should  be  given  throughout  the 
entire  school  course.  The  topics  should  be  so  chosen  as  to  give 
practice  in  the  four  leading  types  of  prose  discourse,  namelyp 
description,  narration,  exposition,  and  argument. 

(d)  Rhetoric  The  instruction  in  this  subject  should  include 
the  following  particulars:  Choice  of  words,  structure  of  sen- 
tences and  paragraphs,  the  principles  of  narration,  description, 
exposition  and  argument. 

The  teacher  should  distinguish  between  those  parts  of 
rhetorical  theory  which  are  retained  in  text  books  merely 
through  the  influence  of  tradition  and  those  ^  which  have  a 
direct  bearing  upon  the  composition  work.  The  former  may  be 
safely  omitted. 

HISTORY  (2  Units) 

Any  two  of  the  following  periods  may  be  offered: 

I  Ancient  History,  with  special  reference  to  Greek  and 
Roman  History,  with  a  short  introductory  study  of  the  more 
ancient  nations  and  the  chief  events  of  the  early  middle  ages, 
down  to  the  death  of  Charlemagne 

II  Mediaeval  and  Modern  European  History,  from  the  death 
of  Charlemagne  to  the  present  time 

III  English  History 

IV  American  History,  or  American  History  and  Civil  Gov- 
ernment 

MATHEMATICS  (3  Units) 

The  courses  offered  by  the  school  are  so  exacting  that  a 
thorough  training  in  the  following  subjects  is  essential: 

I  Etsentials  of  Algebra  (1  Unit)  The  four  fundamental 
operations  for  rational  algebraic  expressions;  factoring;  complex 
fractions;  the  solution  of  equations  of  the  first  degree  containing 
one  or  more  unknown  quantities;  radicals;  theory  of  indices; 
quadratic  equations  and  equations  containing  one  or  more  un- 
known quantities  that  can  be  solved  by  the  methods  of  quadratic 
equations;  problems  dependent  on  such  equations. 

II  Advanced  Algebra  (^  Unit)  This  course  should  begin 
with  a  thorough  review  of  the  essentials.  Later  work  should 
cover  an  introduction  to  the  graphical  representation  of  linear 
and  simple  quadratic  expressions;  ratio  and  proportion;  varia- 
tion; binomial  theorem;  the  progressions;  and  logarithms. 
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DEGREES 

The  degree  of  B.  M.  (Engineer  of  Mines)  will  be  conferred 
upon  a  candidate  who  fulfils  the  following  conditions: 

(a)  He  must  complete  the  prescribed  work  of  the  freshman 
and  sophomore  years. 

(b)  He  must  complete  the  required  work  in  one  of  the 
groups  and  enough  additional  elective  work  to  make  a  total  of 
one  hundred  credit  hours.  The  presentation  of  a  thesis  is 
optional,  but  if  presented  six  credit  hours  are  allowed  for  it. 

No  diploma  will  be  delivered  until  the  full  requirements  of 
the  course  of  study  are  satisfied,  and  all  accounts  with  the  school 
are  settled. 

The  degree  of  M.  S.  (Master  of  Science)  may  be  conferred 
upon  a  candidate  who  already  holds  a  degree  from  this  school 
or  an  equivalent  degree  from  a  similar  institution  of  good  stand- 
ing, and  whose  application  for  such  degree  shall  have  been  ap- 
proved by  the  faculty:  provided,  that  the  candidate  completes 
work  equivalent  to  fifty  credit  hours,  chosen  with  the  approval 
of  the  faculty,  and  presents  an  acceptable  thesis.  Before  being 
accepted  as  a  candidate  the  applicant  must  file  a  record  of  his 
previous  attainments. 
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COURSES  OF  INSTRUCTION 


TABULAR  VIEW 
FRESHMAN  YEAR 


FIRST    SKMESTER 


K>^  '       SECOND  SF:M ESTER 


Required 

Mathematics  I 

Mathematics  II 

Chemistry  I 

Chemistry  III 

Chemistry  V 

Mechanical  Engineering 

I   

Mechanical  Engineering 

II 

English  I 

Geology  and  Mineralogy 

I 

Physical  Training 


71 
72 
48 
48 
49 

76 

76 
63 

65 
135 


Elective 
Spanish  I 


3 
2 
5 

1 


2  ! 
1 

3  i 


112 


2 


Required 

Mathematics    III 
Mathematics   IV 
Chemistry   II 
Chemistry   IV 
Chemistry   VI 
Mechanical  Engineering 

III    

Mechanical  Engineering 

IV    

English  II 

Geology  and  Mineralogy 

II 

Physical  Training 

Civil  Engineering  I 

Civil  Engineering  II . . . 
is   given   during  six 
weeks    of   the    sum- 
mer    following     the 
!      close    of    the    fresh- 
!      man   year. 

i  Elective 

I 

i  Spanish    II 


76 

77 
63 

65 
135 

82 
82 


2 
3 
1 


112 
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TABULAR   VIEW 
SOPHOMORE  YEAR 


FIRST    8E3CE8TER 


P       « 


£ 


SECOND  SEMESTER 


R«9uir«d 

lUtbematScs  V 

nysks  I 

Physics  n 

cwmistiT  vn 

Cli^iiitsUT  DC 

Mscluuileal  Bnglneerlng 

V    

If^cliaiiicsl  Engineering 

VI   

BBclteb  III 

Geology  and  Mineralogy 

in  

Metal  Mining  I     

Pbysieal  Training 


Elective 

ni 

MatWmatlcs  vn 


112 
74 


78 
104 
104 

60 

50 

77 

77 
63 

66    I 
93 
135 


3 
5 


2 
1 


2 
2 


6 


6 


6 


Required 

Mathematics  VI   

Physics  III 

Physics  IV 

Chemistry  VIII 

Chemistry  X 

Mechanical  Engineering 
VII [ 

Mechanical  Engineering; 
VIII  ! 

English  IV 

Geology  and  Mineralogy 
IV 

Metal  Mining  II 

Physical  Training 

Metal  Mining  HI 

is  given  during  the 
four  weeks  of  the 
summer  following 
the  close  of  the 
sophomore  year. 

Metal  Mining  XV ;    100 

is  given  for  two 
weeks  of  the  sum- 
mer following  the 
close  of  the  sopho- 
more year. 


I    3 
5 


74 

105 

105 

50 

50 


77        2 


78 
64 

66 

94 

135 

94 


I 


Elective 

Spanish  IV 

Mathematics  VIII 


113 
74 


6 
6 


2 

2 
2 


6 


2 
2 
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one  set  Westfalia  oreathing  apparatus,  one-balf-hour  type;  all 
equipped  with  extra  oxygen  cylinders,  various  accessories,  and 
supplies;  four  large  oxygen  cylinders  for  storage;  one  refilling 
pump;  one  pulmotor;  one  lungmotor;  BMison,  Manlite,  and  Wico 
electric  lamps,  with  charging  station;  electric  flash  lights;  var- 
ious types  of  safety  lamps;  stretchers,  splints,  bandages,  com- 
presses, and  all  other  necessary  first  aid  material;  fuse,  squibs, 
electric  detonators,  and  shot-firing  batteries;  mine  telephones, 
mine  signs,  and  other  safety  and  efficiency  appliances. 

DRAWING    ROOMS 

Freshman  and  Sophomore.  This  occupies  the  upper  fioor  of 
the  Hall  of  Chemistry.  The  floor  area  is  about  four  thousand 
square  feet.  It  is  lighted  by  windows  on  the  north,  east,  and 
west,  and  by  eight  large  skylights  in  the  roof.  A  suitable  office 
for  the  instructors  is  in  a  central  position,  in  which  all  drawings 
are  filed  and  all  records  are  kept.  Each  student  is  provided 
with  a  drawing  table,  a  drawer,  a  drawing  board,  and  a  stool. 
The  present  equipment  accommodates  about  one  hundred  fifty 
students.  There  are  many  models  to  aid  the  students  in  their 
work. 

Junior  and  Senior.  The  entire  third  floor  of  Stratton  Hall 
is  used  for  the  junior  and  senior  drawings.  The  room  is  90  by  60 
feet,  lighted  by  windows  and  a  large  skylight.  Each  student  is 
provided  with  a  drawing  table,  a  drawer,  a  drawing  board,  and 
a  stool.  Most  of  the  drawing  tables  are  independent  and  ad- 
justable. The  room  has  recently  been  equipped  with  especially 
constructed  tables  for  the  advanced  work  of  the  seniors.  The 
present  equipment  accommodates  about  one  hundred  sixty 
students.  There  is  a  blue-print  room  fully  equipped  with  an 
adjustable  printing  frame  and  all  other  necessary  appliances. 
In  one  corner  of  the  room  is  the  office  of  the  instructors,  where 
all  drawings  and  records  are  flled.  There  are  for  the  use  of  the 
students  a  complete  set  of  trade  catalogues  and  a  large  number 
of  blue  prints  from  industrial  corporations.  These  are  kept  up 
to  date. 
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REQUIREMENTS  FOR  ENTRANCE 


FRESHMAN   CLASS 

Unit  Course.  A  unit  course  of  study  is  defined  as  a  course 
covering  a  school  year  of  not  less  than  thirty-six  weeks,  with 
five  weekly  periods  of  at  least  forty-five  minutes  each. 

Fifteen  units  are  required  for  entrance,  of  which  twelve  are 
specified  and  three  may  be  chosen  from  a  list  of  electives. 

Specified  Units 

Ejssentials   of  Algebra 1  unit 

Advanced  Algebra  ^  unit 

Plane  Geometry   1  unit 

Solid  Geometry  1/2  ^^^^ 

Languages,  other  than  English 2  units 

English    3  units 

History    2  units 

Physics    1  unit 

Chemistry   1  unit 

Specified  Units  12 

Elective   Units    3 

Total  Units  for  Entrance 15 

Elective  Units 

The  three  elective  units  may  be  selected  from  the  following 
list:  Drawing,  Shop  Work,  Mathematics,  Latin,  Greek,  French, 
German,  Spanish,  History,  English,  Science,  Psychology,  Political 
Economy.  In  allowing  credit  for  drawing  and  shop  work  two 
forty-five  minute  periods  will  be  regarded  as  equivalent  to  one 
forty-five  minute  period  of  classroom  work.  Half  units  are 
accepted  in  all  studies  except  in  physics  and  chemistry,  provided 
that  not  less  than  one  full  unit  shall  be  accepted  in  language. 

Entrance 

(a)  By  Certificate 

A  graduate  of  an  accredited  high  school  in  the  State  of 
Colorado  will  be  admitted  without  examination  upon  the  pre- 
sentation of  proper  credentials  from  the  principal  of  his  high 
school,  provided  that  the  studies  he  has  successfully  completed 
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TABULAR  VIEW 

GROUP  I     METAL.  MININO 

JUNIOR  TEAR 
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TABULAR  VIEW 

GROUP  I     HBTAL  HININQ 

SENIOR  TEAR 
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TABULAR   VIEW 

GROUP  II    COAL  MINING 

JUNIOR  YEAR 


FIRST    SEMESTER 


« 

• 

4^       • 

bA 

ej  CO 

ji  oc 

« 

OJi: 

cc  ^ 

Pu 

^X 

^X 

Required 

Civil  Engineering  III. 

Coal  Mining  I 

Metallurgy  I 

Metallurgy  III 

Metal  Mining  IV 

Metal  Mining  V 

MeUl  Mining  VI 

Safety  E^ngineering  I. 
Safety  Engineering  II 

Elective 

Electrical  Engineering 

I  

Electrical  Engineering 

II    

Geology  and  Mineralogy 

V    

Geology  and  Mineralogy 

VI    

Mechanical  Engineering 

IX 

Mechanical  Engineering 

X    

Metal  Mining  VIII 

Metal   Mining  IX 

Metallurgy  V 
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59 
59 
67 
67 

78 

78 
96 
96 
89 
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83 
54 

87 

88 

95    I 
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95 

108    ' 
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9 
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1 

i 
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o» 
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«^ 

04 
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Civil  Engineering  IV. . . 

Coal  Mining  II 

Mechanical  Engineering 

XI  

Mechanical  Engineering 

XII 

Metallurgy  IV 

Metal  Mining  VII 

Safety  Engineering  III. 
Safety  Engineering  IV. 

Elective 

Civil  Engineering  V... 
Geology  and  Mineralogy 

VII    

Electrical  Engineering 

III    

Electrical  Engineering 

IV    

Metal  Mining  X 

Metallurgy  VI 

Physics    VII 

Spanish  VI 


83 
54 

79 

79 

89 

96 
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111 


84 
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60 

97 

89 
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1 


3 
2 


.o  m 
at  h* 

^X 


THB  COLORADO  SCHOOL  OP  MINES 


43 


TABULAR   VIEW 

GROUP  11    COAL  MINING 

SENIOR  TEAR 


FIRST    8BMESTER 
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«^  jj      SEXrOND  8^»fE8TE3l 
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Coal  Uinifkg  III 
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61 
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Coal  Mining  vni 


Elective 

Chemistry    XVIII 

ClYll  Engineering  VI. . . 
CWU  Engineering  VII.. 
Civil  Engineering  DC. . . 
Electrical  Engineering 

VII 
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XVII    
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XVIII    

Metallurgy  X 
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MeUllurgy    XIII 

Metal  Mining  XII 

Metal  Mining  XIV 

Metal  Mining  XVI 

Mining  Law  I 

Theeia — Credit  three 
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56 
57 
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53 
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86 

62 
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91 
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TABULAR  VIEW 

GROUP  in     METALLrROT 
JUNIOR  TEAR 
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TABULAR  VIEW 

GROUP  m     BnCTALLUROT 

SENIOR  TEAR 


1  ^ 
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Geology  and  Mineralogy 
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Geology  and  Mineralogy 

XII 

Metal  Mining  xn 

Metal  Mining  XIV.... 
Metal  Mining  XVI.... 

Mining  Law  n 

Thesis — Credit  three 

hours 


91 
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92 
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86 
66 
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GROUP  IV    MINING  GEOLOGY 

JUNIOR  YEAR 
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TABULAR   VIEW 
GROUP  IV     MINING  GEOLOGY 
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CHEMISTRY 


Melville  Fuller  Coolbaugh,  Profeuor 
Charles  Darwin  Test,  Assistant  Professor 


The  courses  in  Chemistry  are  arranged  especially  for  the 
needs  of  the  mining  and  metallurgical  engineer.  These  branches 
of  engineering  demand  a  thorough  understanding  of  the  laws 
and  theories  of  inorganic  chemistry,  and  the  ability  to  apply 
this  knowledge  to  analytical  and  industrial  problems. 

I.  GEINE5RAL  CHEMISTRY     Lectures 

The  fundamental  principles  of  Chemistry  are  taught  in  this 
course.  Emphasis  is  laid  upon  the  nature  of  chemical  reactions 
and  the  forces  which  influence  them.  The  work  also  includes  a 
study  of  the  non-metallic  elements  and  compounds,  with  special 
reference  to  their  production  and  industrial  uses. 

Prerequisites:  Entrance  requirements. 

Text:   Smith,  General  Chemistry  for  Colleges 

Lectures  and  recitations  five  hours  a  week  during  the  first 
semester  of  the  freshman  year. 

Required  of  all  students.  (Coolbaugh,  Test) 

II.  GENERAL  CHEMISTRY     Lectures 

This  course  is  a  continuation  of  Course  I  and  deals  with  the 
chemistry  of  the  metallic  elements  and  their  compounds.  The 
cement,  glass,  clay,  and  alkali  industries  are  considered,  and 
elementary  metallurgy  is  introduced*  in  connection  with  the  more 
important  metals. 

Prerequisite:  Course  I 

Text:   Smith,  General  Chemistry  for  Colleges 

Lectures  and  recitations  five  hours  a  week  during  the  second 
semester  of  the  freshman  year. 

Required  of  all  students.  (Coolbaugh,  Test) 

III.  QUAUTATIVE  ANALYSIS     Lectures 

The  principles  of  qualitative  analysis  are  emphasized  in  this 
course,  and  consideration  is  given  to  the  relative  solubility  of 
substances,  oxidation  and  reduction  reactions,  and  the  reactions 
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VIL     QUANTITATIVE  ANALYSIS     Lectures 

The  aim  of  this  course  is  to  study  the  general  principles 
of  gravimetric  analysis  as  applied  to  simple  precipitation 
methods,  and  the  principles  of  volumetric  analysis  as  applied  to 
titration  methods  which  involve  the  use  of  acids  and  alkalies, 
and  also  oxidizing  and  reducing  reagents. 

Prerequisites:  Courses  IV  and  VI 

Texts:  Tread  well-Hall,   Analytical   Chemistry,   Vol.    11 
Quantitative  Notes 

One  hour  a  week  during  the  first  semester  of  the  sophomore 
year. 

Required  of  all  students.  (Test) 

VIII.  QUANTITATIVE  ANALYSIS     Lectures 

This  course  involves  a  study  of  the  application  of  the  prin- 
ciples given  in  Course  VII  to  the  analysis  of  fuels,  ores,  slags 
and  alloys. 

Prerequisite:  Course  VII 

Texts:  Treadwell-Hall,  Analytical  Chemistry,  Vol.  II 
Quantitative  Notes 
One  hour  a  week  during  the  second  semester  of  the  sopho- 
more year. 

Required  of  all  students.  (Test) 

IX.  QUANTITATIVE  ANALYSIS     Laboratory 

Simple  salts  are  analyzed  gravimetrically;  standard  solu- 
tions are  prepared  and  unknown  substances  are  determined  by 
titration  methods. 

Prerequisites:   Courses  IV  and  VI. 

Texts:   Treadwell-Hall.  Analytical  Chemistry,  Vol.  il 
Quantitative  Notes 

Six  hours  a  week  during  the  first  semester  of  the  sophomore 
year. 

Required  of  all  students.  (Coolbaugh,  Test) 

X.  QUANTITATIVE  ANALYSIS     Laboratory 

The  course  deals  with  mineral  analysis  including  both  gravi- 
metric and  volumetric  methods  with  their  application  to  indus- 
trial and  smelter  practice.  Coal,  simple  alloys,  ores  of  the 
common  metals,  slags  and  mattes  are  analyzed. 

Prerequisites:   Courses  VII  and  IX 

Texts:   Treadwell-Hall,   Analytical   Chemistry,  Vol.   II 
Quantitative  Notes 
Six  hours  a  week  during  the  second  semester  of  the  sopho- 
more year. 

Required  of  all  students.  (Coolbaugh,  Test) 
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XIV.  METALLURGICAL  CHEMISTRY     Laboratory 
Credit  two  hours. 

Laboratory  practice  to  cover  subjects  treated  in  Course  XIII 
Prerequisites:  Courses  VIII  and  X 

References:  Lord  and  Demorest,  Metallurgical  Analysis 
Johnson,  Chemical  Analysis  of  Special  Steels, 

Steel-Mal(lng  Alloys  and  Graphites 
Scott,  Standard  Methods  of  Chemical  Analysis 

Six  hours  a  week  during  the  second  semester  of  the  junior 
year. 

Required  of  Group  III.  (Coolbaugh,  Test) 

XV.  PHYSICAL  CHEMISTRY     Lectures     (Elective) 
Credit  two  hours. 

A  study  of  the  laws  underlying  chemical  phenomena  from 
the  standpoint  of  their  application  to  the  problems  of  the  metal- 
lurgical and  geological  student.  Some  of  the  subjects  considered 
are:  Modem  theories  of  solution,  the  phase  rule,  colloids,  and 
the  law  of  mass  action. 

Prerequisites:  Courses  VIII  and  X 

References:  Walker,  Physical  Chemistry 

Nemst,  Theoretical  Chemistry 

Washburn,   Principles  of  Physical  Chemistry 

Two  hours  a  week  during  the  first  semester  of  the  junior 
year.  (Test) 

XVL     PHYSICAL  CHEMISTRY     Lectures     (Elective) 
Credit  two  hours. 

This  is  a  continuation  of  Course  XV  and  considers  the 
subjects  of  surface  tension,  thermo  chemistry,  electrolysis,  and 
electrolytes. 

Prerequisite:  Course  XV 

References:  Walker,  Physical  Chemistry 

Nernst,  Theoretical  Chemistry 

Washburn,   Principles  of  Physical  Chemistry 

Two  hours  a  week  during  the  second  semester  of  the  junior 
year.  (Test) 

XVIL     FUEL  AND  GAS  ANALYSIS     Laboratory 
Credit  one  hour. 

The  student  determines  the  heating  value  of  solid,  liquid 
and  gaseous  fuels  by  means  of  the  bomb  and  gas  calorimeters. 
He  also  analyzes  flue  gas,  illuminating  gas,  and  smelter  gases. 
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Prw^qnlsitet:  Coanes  Yin  and  X 

lUfereince:  0111,  Oat  and  Fual  Analjrtia  for  Englnaera 

Three  boon  a  week  during  the  second  semester  of  the 
aealor  year. 

Required  in  Group  IL  (Coolbaagh,  Test) 

ZVIIL    OIL  AND  ROCK  ANALYSIS     Laboratory     (Elective) 

Credit  two  hours. 

A  study  of  the  refining  methods  for  oils,  the  examination  of 
oU  shales,  and  of  lubricating  and  other  oils  for  risoosity,  flash 
and  fire  tests,  and  the  analysis  of  rocks. 

Prerequisites:  Courses  Vin  and  X 

References:  Hillebrand,  The  Analysis  of  Silicate  and  Car- 
bonate Rocks 
Washington,  Manual  of  the  Chemical  Analysis 
of  Rocks 

Six  hours  a  week  during  the  second  semester  of  the  senior 

(Coolbaugh,  Test) 
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COAL  MINING 


James  Cole  Roberts,  Professor 


I.  PRINCIPLES  OF  COAL  MINING     Lectures 

Credit  two  hours. 

The  subjects  discussed  in  this  course  are:  distribution  and 
occurrence  of  coal;  the  world's  production  and  available  supply 
of  coal  and  coke,  with  special  reference  to  that  of  the  different 
states;  the  losses  each  year  as  compared  with  production;  the 
origin  of  coal;  classification;  general  geological  features  of  coal- 
bearing  areas,  together  with  the  geological  and  structural  fea- 
tures bearing  on  the  economical  mining  of  coal;  the  prospecting 
of  coal-bearing  areas  by  surface  examinations,  prospect  machines 
drifts,  and  drill  holes;  the  different  types  of  drilling  machines 
with  the  rate  and  cost  of  boring  in  different  strata;  examination 
and  reporting  on  developed  and  undeveloped  coal  properties; 
preparation  of  coal  by  wet  and  dry  processes;  ultilization  of 
fuels;  manufacture,  handling,  and  utilization  of  wood,  charcoal, 
peat,  lignite,  bituminous  and  anthracite  coals,  coke,  petroleum, 
natural  and  artificial  gas.  Students  are  required  to  visit  and 
witness  actual  mining  operations. 

References:   Hughes,  Textbook  of  Coal  Mining 

Redmayne,  IModern  Practice  in  IMining 

Mayer,  Mining  Methods  in  Europe 

Beard,  Mine  Ventilation 

Beard,  Mine  Gases  and  Explosion 

Wilson,  Mine  Ventilation 

Wabner,  Ventilation  of  Mines 

Somermeier,  Coal,  Its  Composition,  Analysis, 

Utilization  and  Valuation 
Coal  Miners'  Pocketbook 
United  States  Bureau  of  Mines,  Publications 

Two  hours  a  week  during  the  first  semester  of  the  junior 
year. 

Required  in  Group  II  (Roberts) 

II.  METHODS  OF  COAL  MINING     Lectures 

Credit  two  hours. 

Methods  of  development  and  operation  of  coal  mines  are 
taken  up  in  this  course.    Drifts,  slopes,  and  shafts  are  discussed 
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References:  Hughes,  Textbook  of  Coal  Mining 

Kerr,  Practical  Coal  Mining 
Redmayne,  Modern  Practice  of  Mining 
Duncan  and  Penman,  Electrical  Equipment  of 

Collieries 
Shearer,  Electricity  in  Coal  Mining 
_  Pamely,  Colliery  Managers'  Handbook 

Coal  Miners'  Pocketbook 
United  States  Bureau  of  Mines,  Publications 

Two  hours  a  week  during  the  first  semester  of  the  senior 
year. 

Required  in  Group  II.  (Roberts) 

IV.  COAL  MINING     Laboratory 

Credit  one  hour. 

This  course  consists  of  field  work  in  prospecting  and  examin- 
ing coal  bearing  lands,  following  outcrops  with  actual  practice  in 
operating  prospecting  drills,  and  visits  to  points  where  drilling 
operations  are  carried  on;  sampling  of  outcrops  and  coal  in 
the  mine;  sampling  of  carload  lots  of  coal  in  the  yards,  and  on 
the  tipple  of  operating  mines;  cutting  down  and  preparing 
samples  for  analysis  and  analyzing  samples  for  proximate,  ulti- 
mate, and  B.  t.  u.  Each  student  is  required  to  undercut,  shoot,  and 
load  out  a  coal  face  by  hand  (pick  mining)  and  by  each  type  of 
machine,  to  familiarize  himself  with  the  different  t3n;>es. 

References:  Hughes,  Textbook  of  Coal  Mining 

Kerr,  Practical  Coal   Mining 
Redmayne,  Modern  Practice  in  Mining 
Duncan  and  Penman,  Electrical  Equipment  of 

Collieries 
Shearer,  Electricity  in  Coal  Mining 
Pamely,  Colliery  Managers'  Handbook 
Coal  Miners'  Pocketbook 
United  States  Bureau  of  Mines,  Publicationa 
Tiie  Trade  Catalogs 

Three  hours  a  week  during  the  first  semester  of  the  senior 
year. 

Required  in  Group  II.  (Roberts) 

V.  PRACTICES  OF  COAL  MINING     Lectures 
Credit  two  hours. 

This  course  is  a  continuation  of  Course  III. 

Two  hours  a  week  during  the  second  semester  of  the  senior 
year. 

Required  in  Group  II.  (Roberts) 
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VIII.    COAL  MINING     Laboratory 

Credit  one  hour. 

This  course  is  a  continuation  of  Course  IV  and  includes  in 
addition  a  critical  study  of  typical  mine  constructions,  with 
preparation  of  working  drawings  of  cages,  cars,  headframes,  and 
tipples. 

References:  Trade  Catalogues 

Three  hours  a  week  during  the  second  semester  of  the  senior 
year. 

Required  in  Group  II.  (Roberts) 
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three  wire  and  Interpole  machines,  are  studied.  Series-parallel 
and  standard  mining  locomotiye  controllers  are  wired  up  and 
used  with  two  series  motors. 

Prerequisites:  Registration  in  Course  E.E.  I  or  an  equivalent 

preparation 

References:  Swenson  and  Frankenfleld,  Tatting  of  Elec- 
tromagnetic Machinery,  Vol.  1 
Karapetoff,  Experimental  Electrical  Engineer- 
ing, Vol.  1 

Three  hours  a  week  during  the  first  semester  of  the  Junior 
year.  (Hazard) 

m.    ALTERNATING   CURRENT   MACHINERY     Lectures      . 
(Elective) 

Credit  three  hours. 

The  plan  of  this  course  is  similar  to  that  of  Course  I,  but 
treats  of  alternating  current  principles  and  apparatus,  generators, 
and  motors  with  their  auxiliaries  and  characteristics,  trans- 
formers, rectifiers,  and  converters,  and  the  calculation  of  single 
and  three  phase  circuits. 

Prerequisites:  Physics  III  and  IV 

Text:  Gray,    Principles    and    Practice   of   Electrical 
Engineering 

References:  Miller,  American  Telephone  Practice 
Van  Deventer,  Telephonology 
Lawrence,   Principles  of  Alternating  Current 

l\4achinery 
Bailey,  The  Induction  lector 
Franklin    and    Esty,    Elements   of    Electrical 

Engineering,  Alternating  Currents 

Three  hours  a  week  during  the  second  semester  of  the  Junior 
year.  (Hazard) 

IV.     ALTERNATING   CURRENT   MACHINERY     Laboratory 
(Elective) 

Credit  one  hour. 

A  study  is  first  made  of  the  alternating  current  instruments 
which  are  subsequently  used  in  the  experimental  work.  This  is 
followed  by  a  variety  of  experiments  on  inductive  circuits. 
Transformers  are  connected  and  used  in  many  ways.  The  start- 
ing and  running  characteristics  of  induction  motors  are  studied 
under  normal  conditions  and  under  some  abnormal  conditions 
that  are  frequent  causes  of  trouble.  Synchronizing  is  done  in 
several  ways. 
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with  "no  voltage"  and  "overload"  releases,  resistance  starters, 
automatic  contactor  starters,  motor  driven  fans  and  various  tests 
of  generators  and  motors. 

Prerequisites:  E.E.  I  and  II  or  III  and  IV 

Three  hours  a  week  during  the  first  semester  of  the  senior 
year.  (Hazard) 

VII.  ELECTRICAL  INSTALLATIONS     Lectures     (Elective) 

Credit  two  hours. 

This  is  primarily  a  design  course  in  small  installations, 
though  the  work  may  be  varied  to  suit  the  needs  of  the  individual 
student.    Course  VIII  should  be  taken  in  conjunction  with  it. 

Prerequisite:  E.E.  V. 

Text:  Brown,  Electrical  Equipment 

References:   Electrical   Handbooks 
Trade  Bulletins 
Catalogues 

Two  hours  a  week  during  the  second  semester  of  the  senior 
year.  (Hazard) 

VIII.  ELECTRICAL  INSTALLATIONS     Drawing     (Elective) 
Credit  one  hour. 

This  is  a  drawing  course  to  accompany  E.B.  VII. 

Prerequisite:  Registration  in  E.E.  VII 

References:    Electrical  Handbook 
Trade  Bulletins 
Catalogues 

Three  hours  a  week  during  the  second  semester  of  the  senior 
year.  (Hazard) 
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ENGUSH 


Victor  Clifton   Alderton,   President 


I      ENGUSH  COMPOSITION     Lectures 

This  course  is  designed  to  train  the  student  in  the  essentials 
of  RnKlish  composition.  Practical  exercises  will  be  given  to 
develop  orderly  arrangement  and  clear  expression  of  thought. 

Prerequisites:  Entrance  requirements 

References:  Kittredge     and     Farley.     Advanced     English 

Grammar 

Canby   and   Others,    English    Composition    in 

Theory  and  Practice 
Wooley,  Handbook  of  Composition 

Two  hours  a  week  during  the  first  semester  of  the  freshman 
year. 

Required  of  all  students.  (Alderson) 

II.     BUSINESS  CORRESPONDENCE     Lectures 

This  course  is  a  continuation  of  Course  I.  It  aims  to  give 
m  practical  grasp  of  business  correspondence  and  to  familiarize 
tlie  student  with  the  type  of  E«nglish  composition  requisite  as  a 
basis  for  professional  report  writing. 

References:  Kittredge    and     Farley,     Advanced     English 

Grammar 
Canby   and   Others.    English    Composition    in 

Theory  and  Practice 
Wooley,  Handbook  of  Composition 

Two  hours  a  week  during  the  second  semester  of  the  fresh- 
man year. 

Required  of  all  students.  (Alderson) 

IIL    REPORTS     Lectures 

This  course  is  designed  as  a  preparation  for  technical  writ- 
la^  The  fundamentals  of  the  subject  will  be  studied  and  reports 
spon  assigned  topics  will  be  required  from  the  students. 
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References:  Sypherd,  Handbook  of  English  for  Engineers 
Earle,    Tlieory    and    Practice    of    Technical 

Writing 
Rickard,  A  Guide  to  Technical  Writing 

Two  hours  a  week  during  the  first  semester  of  the  sophomore 
year. 

Required  of  all  students.  (Alderson) 

IV.    TEJCHNICAL  WRITING     Lectures 

This  course  is  a  continuation  of  Course  III.  The  principal 
object  of  this  course  is  to  outline  the  best  methods  of  presenting 
technical  subjects  for  publication  and  for  private  reports. 

References:  Sypherd,  Handboolc  of  English  for  Engineers 
Barle,    Theory    and    Practice    of    Technical 

Writing 
Rlckard,  A  Guide  to  Technical  Writing 

Two  hours  a  week  during  the  second  semester  of  the  sopho- 
more year. 

Required  of  all  students.  (Alderson) 


66  THE  COLORADO  SCHOOL  OP  MINES 

Prerequisite:  Course  I 

Text:  Pirsson     and     Schuchert,     A     Textbook     of 
Geology,  Part  I 

References:  Leith,  Structural  Geology 

Lahee,  Field  Geology 

Orabau,  Principles  of  Stratigraphy 

Lectures  three  hours  a  week  during  the  second  semester  of 
the  freshman  year. 

Required  of  all  students.  (Van  Tuyl) 

III.  MINERALOGY     Lectures  and  Laboratory 

This  course  in  mineralogy  is  essentially  an  introduction  to 
Descriptive  Mineralogy  of  the  second  semester.  It  comprises 
a  discussion  of  the  principles  of  crystallography  and  of  blowpipe 
analysis.  Only  such  portions  of  ci;ystalIography  are  emphasized 
as  are  of  practical  value  in  the  determination  and  proper  under- 
standing of  minerals.  In  the  laboratory  work  a  very  thorough 
drill  is  given  in  the  more  practical  portions  of  the  subject.  The 
work  covers,  in  addition  to  work  with  the  usual  wooden  crystal 
models,  the  determination  by  means  of  a  pocket  lens  and  con- 
tact goniometer  of  the  forms  on  a  large  and  representative  series 
of  natural  crystals.  The  laboratory  work  in  crystallography  is 
followed  by  a  thorough  drill  in  the  methods  of  blowpipe  analysis, 
with  practice  in  the  determination  of  unknown  minerals.  The 
lecture  time  is  devoted  to  a  discussion  of  the  fundamental  prin- 
ciples of  descriptive  mineralogy. 

Prerequisites:  Chemistry  I  and  II 

Texts:   I^wis,  Determinative  Mineralogy 

Patton,   Lecture  Notes  on  Crystallography 

Lectures  two  hours,  laboratory  six  hours,  a  week  during  the 
first  semester  of  the  sophomore  year. 

Required  of  all  students.  (Ziegler,  Van  Tuyl) 

IV.  DESCRIPTIVE   MINERALOGY     Lectures  and    Laboratory 

About  three  hundred  of  the  more  important  mineral  species 
are  presented  by  lectures,  in  which  special  emphasis  is  placed 
on  the  recognition  of  minerals  by  means  of  their  physical  prop- 
erties. Every  attempt  is  made  to  make  the  course  thoroughly 
practical  so  as  to  enable  the  student  to  recognize  at  sight  such 
minerals  as  are  met  in  mining  operations.  With  this  object  in 
view,  as  thorough  a  drill  as  the  time  will  allow  is  given  to 
the  actual  handling  and  determining  of  minerals  in  the  labora- 
tory. In  this  work  each  student  is  expected  to  handle,  to  deter- 
mine, and  to  be  questioned  and  examined  on  approximately  two 
thousand   five   hundred    individual  specimens. 
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Vn.    LITHOLOGT    Lectures  and  Laboratory 

Credit  two  hours. 

The  object  of  this  course  is  to  present  all  the  more  commonly 
occurring  rocks  in  such  a  way  as  to  render  their  identification 
at  sight  reasonably  accurate.  The  methods  pursued  are  purely 
those  applicable  to  the  hand  specimen  without  the  aid  of  micro- 
scopic sections.  The  collection  of  the  school  is  especially  rich 
in  those  rocks  that  are  usually  encountered  in  mining  operations 
in  Colorado  and  adjacent  states.  Special  emphasis,  therefore,  is 
laid  upon  such  rocks  and  upon  their  various  alteration  forms. 

Lectures  one  hour,  laboratory  three  hours  a  week  during 
the  second  semester  of  the  Junior  year. 

Required  in  Groups  I  and  IV.  (Ziegler,  Van  Tuyl) 

VIII.  MICROSCOPIC  PETROGRAPHY 

Credit  two  hours. 

In  this  course  the  study  of  rocks  and  rock-forming  minerals 
is  carried  on  with  the  help  of  the  petrographic  microscope. 
It  covers  (a)  the  study  of  the  optical  properties  of  minerals 
with  a  view  to  their  identification,  and  (b)  systematic  petrog- 
raphy or  the  identification  of  rock  types  by  means  of  their 
structures  and  mineral  components. 

Laboratory  six  hours  a  week  during  the  first  semester  of 
the  senior  year. 

Required  in  Group  IV. 

Course  IX  may  be  substituted.  (Ziegler) 

IX.  INDEX    FOSSILS    OF    NORTH    AMERICA     Lectures    and 

Laboratory 

Credit  two  hours. 

A  course  planned  to  meet  the  needs  of  students  who  desire 
to  fit  themselves  for  work  In  oil  geology  and  all  others  to  whom 
the  ability  to  determine  the  age  of  sedimentary  rocks  by  means 
of  their  fossils  may  be  of  value.  Only  the  more  important  guide 
fossils  of  each  system  are  studied.  Special  attention  is  given 
to  the  fossils  characteristic  of  western  formations  of  economic 
importance. 

Prerequisite:   Course  V 

References:   Shimer,  An   Introduction  to  the  Study  of  Fos- 
sils 
Grabau    and   Shimer,    Index    Fossils   of    North 
America 
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Prerequisites:  Course  I  to  VII,  inclusive 

References:  Johnson  and  Huntley,  Oil   and   Gas  Produc- 
tion 
Hager,  Practical  Oil  Geology 
Engler  and  Hoefer,  Das  Erdol 
Bacon  and  Hamor,  the  American   Petroleum 
Industry 

Three  hours  a  week  during  the  second  semester  of  the 
senior  year. 

Required  in  Group  IV.  (Ziegler) 

XIII.     FIELD  GEOLOGY 

Credit  three  hours. 

This  course  is  intended  to  give  field  practice  in  geologic 
mapping  and  in  the  working  out  of  structural  details.  The 
area  selected  is  divided  among  individual  squads  and  a  com- 
plete map  with  structural  sections  is  prepared  through  cooper- 
ation of  the  different  squads.  The  work  covers  four  weeks 
at  the  close  of  the  junior  year.  Camping  equipment  and  in- 
struments are  furnished  by  the  school.  The  student  is  expected 
to  furnish  bedding.  The  expense  of  the  course  will  vary  some- 
what according  to  the  location  of  the  area  worked.  Ordinarily 
forty  to  forty-five  dollars  should  cover  all  actual  field  expenses. 

Prerequisites:  Courses  V,  VI,  and  VII 

Required  in  Group  IV  (Ziegler,  Van  Tuyl) 
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VI.  CALCULUS 

This  course  is  a  continuation  of  Course  V.  The  elements  of 
solid  analytic  geometry  are  introduced  to  assist  in  the  proper  de- 
velopment of  the  calculus  of  functions  of  two  or  more  variables. 
Simple  differential  equations  are  introduced  in  close  connection 
with  integration.  Multiple  integration  in  rectangular,  polar,  and 
cylindrical  co-ordinates  is.  taken  up  and  many  applications  are 
made  to  problems  in  areas,  volumes,  moments  of  inertia,  centers 
of  gravity,  and  pressure.  Solids  of  revolution,  cylinders,  space 
curves,  ruled  and  quadric  surfaces  are  all  given  their  needed 
emphasis  as  applications  of  the  calculus.  The  last  part  of  this 
course  is  pre-eminently  a  problem  course.  The  aim  is  to  review, 
in  a  practical  way,  the  mathematics  of  the  last  two  years  and 
thereby  encourage  the  student  to  look  upon  his  mathematics  as 
an  instrument  of  power  and  usefulness  rather  than  one  of  mental 
development  and  culture. 

Prerequisites:  Courses  I  to  V,  inclusive 

Text:  Woods    and   Bailey,    Analytic   Geometry    and 
Calculus 

Three  hours  a  week  during  the  second  semester  of  the 
sophomore  year. 

Required  of  all  students.  (Burger,  Sherwood) 

VII.  HIGHER  MATHEMATICS     (Elective) 

Credit  two  hours. 

This  course  consists  of  a  survey  of  the  field  of  higher  mathe- 
matics with  special  reference  to  the  needs  of  engineering  stu- 
dents mathematically  inclined.  The  subjects  will  be  treated  in 
an  elementary  manner  and  will  include:  finite  differences  with 
application  to  interpolation  and  summation,  vector  analysis  with 
problems  in  physics  and  mechanics,  modern  geometry  pure  and 
projective,  advanced  portions  of  the  calculus  not  included  in  the 
regular  courses,  empirical  formulas  and  calculations,  and  a  brief 
history  of  mathematics. 

Prerequisites:  Courses  I  to  IV,  inclusive 

Two  hours  a  week  during  the  first  semester  of  the  sopho- 
more year.  (Burger) 

VIII.  PRACTICAL  ASTRONOMY  AND  LEAST  SQUARES 

(Elective) 

Credit  two  hours. 

This  course  covers  a  study  of  the  celestial  sphere,  includ- 
ing the  sun,  moon,  earth,  and  planets;  the  constellations;  the 
measurement  of  time;   problems  necessitating  familiarity  with. 
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and  use  of,  the  Nautlcml  Almanac;  such  problems  of  practical 
astronomy  as  may  be  solTed  by  the  sunreyor,  including:  (1) 
latitude  by  the  altitude  of  any  beaTenly  body  at  culmination; 
it)  solar  and  stellar  obsenrations  for  meridian;  (3)  longitude 
by  transit  of  the  moon;  (4)  observations  for  determining  the 
time;  the  development  of  the  method  of  Least  Squares;  Its 
amplication  to  problems  in  astronomy,  sunreying,  physics,  and 
chemistry. 

Prerequisites:  Courses  I  to  IV,  C.E.  I  and  II 

Text:  Hosmer,  Textbook   on   Practical   Astronomy. 
Two  hours  a  week  during  the  second  semester  of  the  sopho- 

au>re  year.  (Sherwood) 
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MECHANICAL  ENGINEERING 


James  Lyman  Morse,   Professor 


I.  DESCRIPTIVE)  GEOMETRY     Lectures 

This  course  includes  problems  relating  to  the  point,  line, 
plane,  surfaces,  intersection  of  solids  and  the  development  of 
their  surfaces,  and  numerous  practical  applications  to  mine  sur- 
veying and  machine  design. 

•Prerequisites:  Entrance  requirements 

Text:  Smith,  Descriptive  Geometry 
Two  hours  a  week  during  the  first  semester  of  the  fresh- 
man year. 

Required  of  all  students.  (Burger,  Sherwood) 

II.  DESCRIPTIVE  GEOMETRY     Drawing 

At  the  beginning  of  the  course  considerable  time  is  given 
to  the  use  of  instruments,  geometrical  constructions,  and  letter- 
ing; then  follows  the  direct  application  of  the  problems  that  are 
taken  up  in  the  lecture  work. 

Prerequisites:  Entrance  requirements 

Text:   Smith,   Descriptive  Geometry  and  Plates 
Reinhardt,  Lettering 

French.  fVlechanicai  Drawing  and  Elementary 
Machine  Design 
Six   hours  a  week  during  the  first  semester  of  the  fresh- 
man year. 

Required  of  all  students.  (Morse) 

III.  ELEMENTARY   MACHINE  DESIGN     Lectures 

This  course  includes  a  study  of  machine  elements,  the  nature 
of  materials  entering  into  machine  construction,  and  elementary 
calculations  which  involve  the  correct  proportion,  by  empirical 
methods,  of  various  machine  parts. 

Prerequisites:  Courses  I  and  II 

Text:   French,     Mechanical     Drawing    and     Elemen- 
tary Machine  Design 
Two  hours  a  week  during  the  second  semester  of  the  fresh- 
man year. 

Required  of  all  students  (Morse) 
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to  such  problems  as  arise  in  practice.  Special  attention  is  given 
to  the  analysis  of  links,  belting,  cams,  gears,  and  other  contact 
mechanism. 

Prerequisites:  Courses  V  and  VI 

Text:  Keown,   Elements  of  Mechanism 

Two  hours  a  week  during  the  second  semester  of  the  sopho- 
more year. 

Required  of  all  students.  (Morse) 

VIII.  KINEMATICS  OF  MACHINERY     Drawing 

This  course  supplements  and  is  directly  dependent  upon 
the  lecture  work.  This  work  is  taken  up  from  a  practical  point 
of  view  and  applies  such  theory  as  is  consistent  with  the  most 
approved  method  of  design.  Designs  and  complete  working 
drawings  are  made  from  machine  parts,  gears,  cams  and  various 
systems  and  devices  used  for  the  transmission  of  power. 

Prerequisites:  Courses  V  and  VI 

Text:   Keown,   Elements  of  Mechanism 

Three  hours  a  week  during  the  second  semester  of  the  sopho- 
more year. 

Required  of  all  students.  (Morse) 

IX.  HEAT  POWER  PLANT  ENGINEERING     Lectures 

Credit  one  hour. 

The  greater  portion  of  the  semester  is  devoted  to  steam 
boiler  subjects.  After  a  brief  historical  treatment  of  the  sub- 
ject, the  lectures  cover  the  theory,  principles  of  design,  and 
construction  of  modern  boilers.  Numerous  practical  problems 
are  assigned  from  time  to  time  so  that  the  student  becomes 
thoroughly  familiar  with  the  design  and  operation  of  the  lead- 
ing types  of  boilers. 

Prerequisites:  Courses  VII  and  VIII 

Text:  Allen  and  Bursley,   Heat  Engines 

One  hour  a  week  during  the  first  semester  of  the  junior 
year. 

Required  in  Group  I.  (Morse) 

X.  HEAT  POWER  PLANT  ENGINEERING     Design 

Credit  two  hours. 

The  drafting  room  work  is  devoted  principally  to  the  design 
of  power  plant  apparatus  and  to  such  other  machinery  as  is 
usually  to  be  found  in  a  mine  plant.  Boilers,  steam  engines, 
hoists,  conveying  systems,   and   mill   installations  are  designed 
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MECHANICS  AND  CIVIL  ENGINEERING 


Harry  Munson  Showman,  Professor 


The  aim  of  this  department  is  to  train  the  student  in 
such  subjects  of  civil  engineering  as  may  be  required  of  a  mining 
engineer.  This  includes  a  knowledge  of  plane  surveying,  ana- 
lytical and  applied  mechanics,  structural  design,  and  hydraulics. 

I.  THEORY  OF  PLANE  SURVEYING     Lectures 

The  purpose  of  this  course  is  to  give  preliminary  instruction 
in  the  principles  involved  in  surveying,  and,  by  numerous  prob- 
lems, to  enable  the  student  to  acquire  speed  and  accuracy  in 
calculations.  Units  and  general  methods  ot  measurement  are 
taken  up  first  and  are  followed  by  chaining  and  transit  prob- 
lems; leveling,  stadia  surveying,  plane-table  mapping,  and  topo- 
graphic surveying  are  studied  in  order.  City,  land,  and  railroad 
surveying  are  covered  briefly.  Methods  of  computation  are 
thoroughly  studied.  These  include  closing  and  adjustment  of 
traverses;  omitted  measurements;  areas;  parting  off  land;  earth- 
work; and  the  reduction  of  solar  observations  for  a  true  meridian. 

Prerequisites:  Math.  I  and  II 

Text:   Breed  and  Hosmer.   Plane   Surveying,  Vol.   I 
References:  Johnson  and  Smith,  Theory  and   Practice  of 

Plane  Surveying 
Breed  and  Hosmer,  Higher  Surveying,  Vol.  2 
Wilson,  Topographic  Surveying 
Tracy,  Plane  Surveying 

One  hour  a  week  during  the  second  semester  of  the  fresh- 
man year. 

Required  of  all  students.  (Showman) 

II.  PRACTICE  OF  PLANE  SURVEYING     Lectures  and    Field 

Work 

The  field  work  in  plane  surveying  is  conducted  in  the  vicin- 
ity of  Golden  and  comprises  chaining,  differential  and  profile 
leveling,  triangulation,  traversing,  and  numerous  exercises  with 
the  transit.  A  topographical  map  of  an  extended  territory  is 
made  by  each  squad  with  the  transit  and  stadia.  In  addition, 
several  days  are  spent  with  the  plane  table  in  rapid  mapping. 
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« 
FreregiLUdte:  €k>urse  HI 

T«Ets:  Boyd,  Strefigth  of  fAstertails 
Cambria  Steel 
BefereoaceB:  l&erriiiiaxL,  Mechanics  of  Watertals 

Burr,  Elaeticit|r  and  Reaiatanoe  of  the  Mate- 
ria ie  of  Etqiineering 
Lanza,  Applied  Mochanica 

Three  hours  a  week  durizif;  the  second  semeBter  of  the  juBior 
year. 

Beguired  in  Groups  1,  11.  m.  and  IT.  (Showman) 

T.    TESTING  LABOBATOET     CEiective) 

Credit  one  hour. 

In  this  csourse  tests  are  made  to  determine  the  strengrth  and 
BtiSnesB  of  bulldini:  materials,  such  as  cast  iron,  wrou^t  iron, 
steel,  plain  and  relnloroed  concrete,  and  wood  in  tension,  oom- 
pression.  shearing,  and  flexure.  Stone  and  brick  are  examined 
for  strenfTth.  absorption,  disinteiniaion  and  otiier  qualities  which 
deride  their  econnmir  values  Experiments  to  determine  the 
stnmjith  of  threaded  holts,  rlvetec  joints,  welds,  and  nailed  joints 
are  included  In  the  mursr.  Tests  ot  cemem  are  made  as  speci- 
fied hj   the  American  Soriexj  lor  Testing  lOaterials. 

rrerequlstit^    Thiji  muri»r  miisT  hf  tak€>i:  it  conjunction  with. 
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Mr«niqiil«lU«:  I^rtlcs  m  and  IV 

0«oloc7  and  Mineralogy  IV 
Cbemistry  vm   and  X 
T«Kt:  Fulton  Manual  of  Fire  Aaaaying 
tl*f0r»nc«a:  Ix>die,  Notaa  on  Aasajring 
Drown,  Manual  of  Aaaaying 
Fiirman-Pardoe,  Manual  of  Practical  Aaaaying 

l^cHHiirmi  on4i  hour,  laboratory  nine  boors,  a  week  dnrine:  tbe 
9i0onihA  MW«Mil*^r  of  tbe  junior  year. 

llii^iiircM  in  Group  III.  (Palmer) 

ni     MVQTAUI.imOY     Lectures 

Oii%d«  lbr^0  hours. 

1'hf»  iinb)rH>tii  tno1n(1<>d  In  this  course  comprise  an  extensian  of 
<bf^  worK  f>n  fiioln.  Involvtnic  tbe  calculation  of  air  required  for 
i^>ni!>nNHon.  wolffht  of  tb^^  products  of  combustion,  beat  carried 
h^*A>  b>  f\»r^  »rST*OK.  tbr  b<Mit  value  of  various  solid.  liQUid.  and 
irnniHiMn  f««*b%.  pyromoto-  and  tbe  modem  methods  of  hi^^  tem- 
Pf*!*«<n!N^  w«MinMr«*montT^;  oalorlmetrj*  and  tbe  various  means  of 
f!f*ftM'n»«««nK  tbo  on^orlllo  po^'or  of  fiiels;  tbe  fundamental  metal- 
htrrli^i  pf fwi»lp1«*s .  nnd  n  «tudy  of  tbe  different  t3iie6  of  metal- 
titrr^^nl  fMrnmv?*  wnd   tbMr  Hppllcatlonsi. 

»«N^h  jind  l^t^^».  0\\  R^/yvnii;  of  tb<*  marked  development  in 
t^,  r>iofnn>^rv\  »\;  <TN"v>»  I  bo  c<»T>f»r«;  applfCAiioxi  of  labor-saving 
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Twit  bonnt  a  ip^Mtk  tertiis  tiie  ppnond  ncimBBter  «C  die 
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Ing  microphotographs.  Following  a  study  of  the  constitution  and 
microstructure  of  iron  and  steel  and  the  industrial  alloys  as  in- 
fluenced by  heat  treatment,  considerable  time  is  spent  in  the 
investigation  of  mattes,  speisses,  bullions,  and  other  metal- 
lurgical furnace  products. 

References:  Howe,  The    Metallography   of  Steel   and   Cast 

Iron 
Sauveur,  The   Metallography  and   Heat  Treat- 
ment of  Iron  and  Steel 

One  hour  a  week  during  the  first  semester  of  the  senior 
year. 

Required  in  Group  III.  (Palmer) 

XIII.  ELDCTROMETALLURGT     Lectures 

Credit  two  hours. 

This  course  is  divided  into  two  parts  and  covers  the  fol- 
lowing subjects:  (a)  the  electrolytic  smelting  and  refining  of 
metals  and  the  parting  of  gold  and  silver  bullion;  (b)  the  elec- 
tric furnace. 

This  is  a  course  of  lectures  and  recitations  on  modem  prac- 
tice in  electric  smelting  and  refining,  in  which  the  various  types 
of  furnaces  and  other  equipment  and  their  underlying  prin- 
ciples are  discussed  and  comparisons  made  with  ordinary  fire 
methods,  followed  by  the  direct  application  to  the  reduction  and 
refining  of  metals. 

References:  W.  Borchers,  Electric  Smelting  and  Refining 
Stansfield,  The  Electric  Furnace 

Two  hours  a  week  during  the  second  semester  of  the  senior 
year. 

Required  in  Group  III.  (Palioer) 

XIV.  ORE  DRESSING     Laboratory     (Elective) 

Credit  one  hour. 

l>urlng  the  second  semester  of  the  senior  year  a  practical 
course  in  ore  dressing  is  given  at  the  experimental  plant.  This 
plant  iX>ntains  standard-si?eii  machinery  and  ores  can  be  run 
In  carload  lots  as  in  commercial  work.  The  students  are  thus 
made  familiar  with  actual  nulling  operations.  Ores  are  concen- 
trntcM  by  Narions  mothcnls  and  the  relative  merits  of  different  ma- 
chines an*1  pr^vH^sses  are  i^.oternrined.  It  is  aimed  to  keep  in 
tov.oh  v\iTh  the  tr.ost  roeent  progress  in  ore  dressing  and  the 
newor  -..^oj**:  r^ro  ;-:.\1  ov.i  iir.der  aotua'.  working  conditions. 

Throo  ViM-.-s  oor  wook  ilr.rir.g  the  S€K*ond  semester  of  the 
<«^nio!  xe--^-  (Palmer) 
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miUB  ak4T«Btv^  to  the  locator.  Tte  oaarat  inetaidoK  sn  ekt- 
m9KtMX7  tmvuaaaL  of  mlnbii;:  Ibwe  sad  Tegulxosaa  «ff  the  TUtai 
Ste>f»  and  tcvwiia  ociiiiitrie&. 
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M        THS  COLORADO  SCHOOL  OF  MDfKS 

iM4»itffti»  drUlA  ami  drflUiic  mstbods:  tte  dUEierait  Idnda  at  ez- 
DlQfllT«i  and  their  or  fu  blaatbiflr;  omlvsnxQnd  hanlagg;  hirist- 
ins;  aorfaee  transiKurtatiaii;  wire  cope  tnunwrnya;  pampins; 
▼mtilatlon;  lighting;  and  aanftadon. 

RflHerenoBs:  Hoover,  PrinciploB  of  inning 
Tonnes  BemantB  of  Mining 
StamiB,  TImlwing  and  Mining 
Brinsoaade.  Mining  Without  Tlmfaor 
Sandera,  Mi  no  TImlMring 
Brunswig  ExpiiHivoB 
Dana  and  Saunders,  Rock  DHIIing 
Bmnton  and  Dovis,  Modarn  TUnnoiing 
Lanchil,  TUnnoiing 
Crane,  Oro  Mining  MottnMta 
Gillette.  Handbooic  of  Rocic  Excavation 
Dtlaois  and  Wtlson.  Miaiiial  of  Mining 
PettLe.  Mining  Enginoor'a  Podiatbaoii 
Two  hours  a  week  darin]^  tbe  ftrst  saneater  of  cite  senior 

Eteqoired  in  Group  L  (Wolf) 


Xm     XBTAJL  MmiNG 

Credit  two  honra. 

This  course  includes  the  discussion  and  solution  of  a  variety 
of  practical   mining;   problems   which   the  student   is   likely   to 
encounter   in  practice.     Knowledge  gained  in  previous  mining 
courses  is  applied  tu  problems  in  hauiaj^e.  hoisting:  surface  rram- 
minis,  and  pumping.     The  :$«*iei.-tiun  and  arrangement  of  sunSace 
and  iinderip^und  miuipmenc  is  discussed.    The  various  forms  of 
powQr  used  in  mining  op^'ratlons^  are   iitscussed  and  ^heir  appli- 
cations and  relative  advaucage$  expiained.    Some  of  the  iecturos 
are  illustrated  by  lauteru  slides  oi  various  mine  stnxctnres  and 
machinery    in«>tallaiioas;    tlie    subjects    so    illustrated    are    dis- 
cussed and  the  «)UKiueeriug  litinciples  cuusidered  :n  '^heir  selec- 
tion and  iQvolvi^d  lu  r.ht^ir  op^'itiuou  aiv  expiaineii. 
Kefereucec^:    Huvver.  Principles  of  Mining 
Yuuuic,  fiienienta  or  iMimng 
Waikt^.-!    Sioctrictty   sn  i^iintng 
Hediu«ivii^    Modern  Pr«icttce  in   Mining 
Trnuo.  Vyoici  Mininy  Macninery 
KvU'biiai.  C>«$«ign  of  Min«  Structures 
Vevit*.   MiMiiiy   gnyin««f-'«  Poc«ectiooK 
NanubooK  ^t  Mimng  Details 
Detdiis  s>r   Pia<ti4.ai   Mimny 
Two  hours  A  N^cv*v    liiiiu,^  '  iu'  M.-coud  '^cun.fciitr  oi  'tie  -^eniar 

Required  :u  vjiuap   l  W'oit} 
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the  yalne  of  mining  aeeurities  are  diacuBsed.  inning  eaata  are 
dasHifled  and  analyzed.  The  appUcailon  of  bnirineaH  principles 
in.  mining  ia  explained  and  empiiasized. 

Refisrencea:   Babson.  BuaineflB  BarometBrs 
Rlckard,  Eoonamica  of  Mfniitg 
Flnlay,  Coat  of  Mining 

Skinner  and  Place.  Mining  Coafca  of  the  World 
Fffih.  Engineering  Economica 
Conway.  Investment  and  Sfwculation 
Walker.  Political  Economy 
Seager,  Economica 
Meade,  Economics 
Bollock,  acicfcted  Readings  in  Economics 

One  hour  a  week  during  the  aecond  semester  of  the  senior 
year. 

Required  in  Group  I.  (Wolf) 

XV.  MINING  LABORATORY 

Credit  two  hours. 

The  work  in  this  <»urse  is  performed  m  a  mine  located 
on  Mt.  Zlon.  about  three-4)uarters  of  a  mile  from  the  campua. 
where  the  scfaooi  has  built  and  •equipped  a  mine  shop  and  has 
driven  a  7  by  S-root  adit.  The  shop  is  equipped  with  a  tor^se 
and  -Dois  ^or  ^Lacksmithin^  timbennj?.  truck-iaying,  piping  and 
repair  work;  aiso  -in  11  <i\*^ii,  machine  'inlls.  mine  cars,  and 
oiUer  apparaius  is*;u  -.n  he  intiei-^iround  work.  The  .students 
work  in  -fquads  n  'In**-*-  or  :oar  and  'xrnorm  .lil  of  the  isual 
.lutieii  ■.nvoiV'^«i  u  -iie  drivini;  jt  a  'tinuei,  -iuca  .is  track-iayinje. 
timbering,  iriilin^  >y  luna  ma  wi^h  -uac'iint  in  Us.  blasting, 
mucking.  .iu«i  'r:iiiiaiin$:  rudt»r  iw  u:^l^K'^.Ion  of  a  nracticai 
miner  *ne  >i'id*r'iiis  'lai'i  <>  eiiiper  tiiM  >.iiar»»eii  *iieir  own  steel 
to  >uit  'iie  '-ar>!Uj;  •oiu:uiuu>  u  ^""iii'.i  -iiia  :or  'tie  iifPerent 
makes  ot  'inllr^.  '.U'poii'.uiits  ^  litiu'l'd  -I'nieiiis  'o  io  r*xtra 
work  nveciiiiiauniL;  'nc  -.ihcituvv  iiM;  »u»vHr  ••u&iimpiion  of 
'iifferem  manes  oi  ii'-s.  »ii«:  '  iu  t.ai!\».^  ta\aii*ajiHs  >i  "arious 
brands  oi  :iii;ii   .*\iwusj'«  t.'i>. 

T'-^O    ^%*-•ti\.^    'll      IK'    ^'.:iiJiiv«      »'i.oa    h^      i*<     .  •..i>t      u    ' 'i^    SOptlO- 

more  year. 

Required     n    'J'o..i.    '  '\''•*r^ 

XVI.  MINK    MAN  V»;.'.Ni".N  '       -.vCu.c* 
Credit  ou*.    louf 

This     •:Otll'<i'       U..    :...C^       »         . ''^  •   V  ».       '^        ^'.        *.»..»J -^  iTle^        'JUlOrJ 

persoual  -iiiJii^.'. ■•»  i  »^  ^.  :.  .'!*  ...  ..i.-.vi^,.  ..n.,.  .u  i-  jL 
versatile  'eu'inva  ..v'v  ■. .  ^.  ..  \.v.v..vn.  ,iiivi'ti  mii 
depar^nieut    .'is;aii.  ..v.'v'^i    ».    .»    .  ,  •. ..     v».xv-       '»i.-.'*.ai  :oii      t   'ii« 
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prlnclplea  of  efflclency  engineering;  value  of  business  ability 
aad  dlplomacji;  influence  of  Ideals,  enthusiasm,  loyalty  and 
eapHt  de  cofps;  systems  of  labor  compensation;  classification 
of  labor  and  efficiency  reward;  contracts  and  specifications; 
leasing  systems;  marketing  mine  and  mill  products;  analysis  of 
■artery  contracts;  analysis  and  distribution  of  mining  cost; 
parehase  of  supplies;  care  and  maintenance  of  surface  and  under- 
ground equipment;  developing  and  operating  policies;  compila- 
tion of  periodical  operating  reports. 

References:  Bmerson,  The  Twelve  Principles  of  EfHoleney 
Taylor,   The   Prineiplee  of  SclentHIc   Manage- 

ment 
Parkburst,  Applied  Methods  of  Scientific  Man- 

aoement 
OUbreth.  Motion  Study 
Galloway,  Businesa  Organization 
Gestenberg  and  Hughes,  Commercial  Law 
Brlnton,    Graphic     Methods    of     Representing 

Facts 
Wolf,  Notes  on  Mine  Management 

One  hour  a  week  during  the  second  semester  of  the  senior 
yow. 

Required  in  Group  L  (Wolf) 
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MINING  lAW 


%.    ;^l«fitiK  oT  tli«  l«m  inwioiis  to  ite  ffiBoovexr  of  fffld  in 
^XmiliwitMi  M  mtntuf:  dtatritos  in  Oilffnrnti  mfl  oOiBr 

\^lM«Mv»  ^Itifimi   4M|i«i4ts.   «ii  lUiUl  mfl 

MM:   ^p=iM^  l«r  IMc     It.  plwte:  C|WK:  slnmE  cUbIibs 


.V  ^ 


"—•^i     lem 
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1l    Tiiii]i«l  tItM. 

Location;  location  of  blind  reini  in  tunnel  titat;  risbta 
of  waj  thitragh  prior  patented  or  unpatented  dalma. 

L  Min  sitea. 

J.  Annual  labor  or  aseessment  work. 

k.  Abandonment,  forfeiture,  and  relocation. 

L  Patent 

One  boar  a  week  daring  tbe  second  eemester  of  tbe  eenior 

(Jalia) 
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Cur^mlum  Van  ^Uyfc. 


£ll^m.'it«afrt  3iiMC  -Bfisviinak  ix  lis  -wart  is  &  TTimng  ir 

loufttcrc^ji^  -:3^  fGissbi^  ftoui  ^Htf  msarT  if  'dii  flai;a*»-4t»    xii£ 
^•iiG^atfai:  at  "Hh   aQ«mis:  ii^asoils^  s-  mammrm.  ian£]il^     2r 

JiGhX^'dK:  n  i:ai:^wr.'imiat 'acini  lou  ~u  iH«*^%ui9  iiif  milTtr"  lir 


■^  '^ 
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JlJIirSJ!!!?. 


>  >   »i^«  .      •      111    111  Vm  ^    —   V 

.'r*i«ln  ■^fw  jiMPiw 

r^u   i*iiiiH*:ra'   wastiier^i   ir^     S.  31.  :.    ma    nxErqmc 

iu^¥^r   n  ut(3r*iai:n^  :ir-:uit^.    .^rapiuc^u  ntfr^mu.  if 
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SAFETY  AND  EFFICIENCY  ENGINEERING 


Jamea  Cole  Roberts,  Professor 


On  August  12,  1915,  the  Board  of  Trustees  passed  the  fol- 
lowing resolution: 

Whereas,  the  late  Joseph  A.  Holmes,  Director  of  the  United 
State«  Hureau  of  Mines  from  the  date  of  its  creation.  May  16, 
1910,  until  his  death  in  Denver,  July  13,  1915,  devoted  his  life 
to  the  advancement  of  safety  and  efficiency  in  the  mining  and 
metallurgical  industries  of  the  entire  country;  and 

W'herea^i.  it  is  meet  and  proper  that  a  lasting  memorial 
of  him  should  be  established  and  maintained;  therefore 

IV  It  Resolved  hy  the  Board  of  Trustees  of  the  Colorado 
^hool  of  Mines  that  there  be  and  hereby  is  created  a  full  chair 
in  this  Inst ttut ion  to  be  known  as  the  Joseph  A.  Holmes  Pro- 
feijso^'shtr*  of  ^fetx"  and  Kfficiejncy  Engineering. 

1      ^AfnCTY   XXP  Vn^nriKWY  RXGIXKERIXG     l.ectures 

i>edit  one  honr. 

Thi^  icnbleotf.  iTi  (hiy  coin*>»f  apt  tnkeTi  up  wilb  resspect  to  their 
b<^n>i<i  OTj  ¥t«fot>    sTi^.   (-1f}C}onc.\    s^  fippllon  to  mining,  milling, 

liNiff>ffMit*on:  ihr  imrv^rtftTio^^  of  etfirient  ligtiing  in  mine, 
TTiiVi.  f^TiA  uTn^lrerk*^ .  «^r  o:  oii.  sootyioTif-.  p«solJne.  gas,  arc,  and 
fTT*^«?TdAT9iv>i><  li<rbt>::  oftud^os.  oftrbMi^.  sftfot?  find  portable  elec- 
wU    }fifr\p^     tbf    fmrv>-f«T>c<-    o;   oWoiMi:    lichtlnf:   around  shafts 

VerftUi>tf/»f>    ♦?o!<-*r<^^**/>vs'«rf.  1»m  'n^fn    vrRSt>>  foimc  In  coal  and 

f- vc *^* ^•e1^  iVr  ^  M  ^o^v  p  'v-x  o.  fXT^^ns^'of  fiTf  discussed 
r*v>T»  I'v  «s* •♦Vfi'v^'T- .  <"»  v«*;^.-.  «Pf  o^^."'^'/*r»."'"  sftfor>  TDeasures  in- 
>•«■»  "^w.  h  'Vi  v*<N'»i%--.  i^..»',: isiT».  Mi\,  n<»,  o"  f x^•los•^'P5^ ;  approved 
v>  .'.V.  o  ,,,.40..  .".>,%.  ..tv.  1..  t  u,N,^^,^^.  >%u^>:*?ri4^  wpf.  shot-firrng  by 
..,.,. ;»s.,     -^..v.,    ..,.        '>.    \      >  >♦  N,...«  X -v     ''i^ir^i'K   uT*i    TunipiT^c  ma- 


,%»»»k»r  ••-,  I-  -^.»\  «« 


:  aiAMHU  andba 


adhw*^  waiter  awtt— *■  i—naiB.  pM 


;  iiiirtMiwt.  tpa^aw  .ar  <3 


tii  m  'mim-mA  ^ 


k4-«(««4M~ 


aw«  ikMrQM<w.ai 


)j.Hj.  "^-^as*.  $|W^  ^*IWP»WI>-»»»  'Till  1 1— 
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IV.    SAPBTT  AND  EFFICIENCY  ENQINEBRINO    Laboratory 

Crtdit  one  boar. 

Tbls  coorae  inTolTes  a  practical  atody  of  pbysiology, 
anatomy,  and  bygiene.  and  is  followed  by  tborongb  instradlon 
and  training  In  tbe  care  and  transportation  of  persons  Injured 
in  and  aboat  mlnea,  mills,  and  metallurgical  plants.  Stndenti 
are  required  to  become  proficient  in  tbe  use  of  compresses, 
tourniquets,  bandages,  splints,  and  stretcbers. 

References:  Laulfer,  Electrical  injuries 

United  States  Bureau  of  Mines,  Publications 
American  Red   Cross,  Textboolc  on   First  Aid 
Jobnson,  First  Aid  Manual 
Manson,  Tropical  Diseases 
Kober  and  Hanson,  Diseases  of  Occupation  and 
Vocational  Hygiene 

Tbree  bours  a  week  during  tbe  second  semester  of  tbe  Junior 
year. 

Required  in  Group  II.  (Roberts) 
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SPANISH 


1.    ^rANISH     R«citatlofi«  and  Convemtiofi     (SSectiTe) 

l>^dlt  two  bours. 

Thi«  cmim^  ii(  destined  primarOr  for  those  stodeBts  who 
f^Xtw^ot  to  do  professdonml  work  in  ^mnlBb-Americui  cxnmtries. 
V^cfUt^'  1Y)  ooDT^rsAtkm  and  busliiess  odrrespandenoe  will  be 
\hp  ohl^  atm.  Th^  courfie  will  be  oondocted  in  Spanish,  for  the 
n>o«t  pari.  ^ufncSont  roadlm:  of  simple  exexxoses  and  eraxnmar 
wO)  b<k  |rtx*<4)  lo  oDab)e  the  stndeni  to  acQuirp  a  practical  nse  of 
ttK"  latnima^. 

rroT<»an<^^<t<»«^:  l^tranoe  reontremenis 
V)oforoitr<>«i :  IRos^emthal.  The  Spanish 
B<«rlfTi&.  NWtiHio  teriisz 
iV%ntna.  Spatiiah  iii  Twwtny 
4^T»hani  and  Ollvec-.  Spanish  CoimnerBfal 


TVvTnHiti  Spanish 
T>r^  ho«irf  ^  iii-<^lv  diiTli^  thr-  firs:  s^imesTC  of  the  Ireshman 

>^^►•:ir,       mi^KNfi.-     <l«^HU- 


r   «-ri.-.      »■      r>»«    «io"nJir^ 


THE  COLORADO  SCHOOL  OP  MINES  US 

l\\    SPANISH     (ElecUve) 

Credit  two  hours. 

This  Is  a  contlnuatton  of  Course  III. 

Prerequisite:  Coarse  III 

Two  hours  a  week  during  the  second  semester  of  the  sopho- 
more year. 

V.    SPANISH     (Elective) 

Credit  one  hour. 

This  course  is  intended  for   irregular  students  who  have 
oiiljr  a  hrief  time  in  which  to  get  a  start  in  the  linowledge  of  the 


One  hour  a  week  during  the  first  semester  of  the  junior  year. 

Vt    SPANISH     (Elective) 
Credit  one  hour. 

This  is  a  continuation  of  Course  V. 
Prerequisite:  Course  V. 
One  hour  a  week  during  the  second  semester  of  the  junior 
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INSPECTION  TRIPS 


The  same  importance  is  attached  to  the  inspection  trips  as 
to  cla8s>room  and  laboratory  work.  Grades  are  given  on  reports 
submitted  and  satisfactory  results  are  required  for  graduation. 

METALLURGICAL  TRIPS 

The  study  of  various  metallurgical  processes  and  plants  may 
be  prosecuted  with  great  benefit  in  Colorado.  Beginning  with 
The  Junior  year  and  continuing  throughout  the  senior  year,  in- 
spection trips  are  taken  for  the  purpose  of  supplementing  the 
laboratory*  work  and  for  illustrating  the  lecture  courses.  Printed 
outlines  of  reports,  carr^'ing  out  all  of  the  important  features 
poouliar  to  the  plant  and  to  tbe  practice,  are  given  to  the  stu- 
dr»nts.  A  ^Titten  report  on  each  trip  is  turned  in  for  correction 
and  criticism. 

l>uring  the  junior  j'ear  the  following  plants  are  visited: 

The  Tiieblo  and  TVenver  plants  of  tbe  American  Smelting  and 
IReftninp:  Company,  for  a  study  of  furnaces  of  various  types  and 
orr  sumplin^ 

Tbo  Minuequs  plftiit  of  the  Colorado  Fuel  and  Iron  Company 
hi  Tuohlo.  for  «  stud:  o:  \hc  msDiifartiirf-  of  iron  and  steel  and 
ihc  worVmj:  up  of  ihr  prorlnci  into  romniorcia]  forms. 

Thr  Olobr  plunt  of  the  Ampriojir.  Smoltini:  and  Refining  Com- 
p«n> .  for  h  *Jtnd>   of  thr   morallnrf;'^    of  lead. 

Thr  viu<-  p]«nt?i  of  the  AuiorlrRn  ^^moltini:  and  Refining  Com- 
p«ro  hi  PnoMo.  RTid  of  thr  T'niron  ^^Tste?  f^nie.lting  Company  at 
i>»r»oTi  CU.\.  for  n  jjnuh  o;  :br*  n^otRilur^  of  7.1nr  and  the  manu- 
fRoiiiro  o{  pit'moni 

t'^inin^  thf   ?son1or  yoni   the  foUowInt:  plant:?  are  visited: 

Tbr  .iRoloaori  NVwton  H'^dsofi  «nc  otbo"!-  mill?  in  Idaho 
Si^.'>n»rv    fo,    tb<^  ^tni>    oi   ori    ♦l^t^ssint 

''Che  xT^-^on^t  sfs'i^r  nvi>v  o,  }^1h«S.  Hfiw».  «nc"  Centra]  City, 
fo     fb<    vfn«h    o:    ?n»tilc*»Ti^wfi(M. 

Vbr  *W>r'«»'*r   '/»>,    <^(^'^lr»«'.^    «r»    the    Pla^vC-"MoTsrher  works 

V^v    ,>>vvv<»    v'-v    o     ,  .^\,^  *^.^<-    ^^i,*-.    flp^;    Crlpplf    Creek  for 

,N..  ,,,,  ■■'.^  ...>,.  ^  . ,-  o  ^'v^  ■  .■^«5'*>  thr  <i*%}i^f^Tits-  a7*f  Taken 
•  .    T  .x".     .  »N  ,.  .    ,--...-...;     ,-.;,.  ,-,     ::^.*, ^<v.  ■!>•    t^^f   inspectim  €if 
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Lkadvxlle. 

MetaUurgy, 

Arkmnsas  Valley  Plant  of  the  A.  S.  and  R.  Company: 
lead  smelting;  Ropp,  Brown-Horaefihoe,  Godfrey, 
and  H.  and  H.  roasting;  briqnettiBg,  and  blast 
furnace  treatment  of  sUver-lead  ores. 

Adams  Mill:  'wet  concentration  of  lead  ores. 

Yak  If  ill:  magnetic  concentration  nitli  International 
separators  and  Clereland-Knowles  separators, 
after  a  magnetizing  roast. 

The  students  are  taken  into  the  Tak  Tnnn^  throoi^ 
the  several  mines  connected  therewith,  and  are 
finally  hoisted  to  the  snrtaoe  of  Breeoe  HiTI 
through  the  shaft  of  the  Little  Jomiy  mine.  T%e 
Moyer.  Tucson,  and  otlier  mines  are  also  Tisitad. 
IDxcellent  opportunity  is  afltuded  for  studying 
The  two  distinctive  kinds  of  ore  bodies  for  which 
this  district  is  noted,  and  to  learn,  hy  obserra- 
tion,  how  th€«e  dissimilar  ore  bodies  are  at- 
tacked and  their  contents  sncoessfuBy  extracted. 
Interest  atTach<>!S  to  the  unusual  compilexity  of 
thf>  or€>*;.  which  contain  gold,  silver,  and  most 
of   thr   hsso   uipta:  sulphide,   oxides,   and    car- 

A'rkhnsin^  VnDoy  Plant  A  S  and  K.  Company:  siceie 
fv^%*pr  pliui;  *'^p«rlt>  l.n'K'  L  p.:  candensrnc 
CV^rlf^  on^in^^  holT<»/  tc  Oaunersvint  hiowe?^: 
r«»tiirr.  tiihiil«'^  hoi)<>"P?  wiulppp^  wttt  underf«»fi 

O^lomdf  Pove:  rvvTUTwii>  .  ^tf«an.  power  plant  Curds 
t"T'Mp<as  d?'*<v-*:  oovtTtertw.  tf  r-phaat.  fi.fJOf-  vqIl. 
f".!  o^oU  fli'^'-n^fttors  r^iir^^^:  stenpec  ur-  tr 
irn. /^<"i.  To^rs  <"a-  lone  <itstaTirf  transmissixii:  over 
>«:tA.:i  ipv^rk-  '.ip(.  sTnal  «T\c  modfnnB.tF>  sixec 
^tT'irs  A's^r.-fA-  <n^fi*'»t  roT>n<*n*PT?  witt  Ind*- 
-i.-wrv.^.-.n  .1.'  y^1k:>1^\^•n  T».iTm  ftT»<.  fs(*nrrifoea'  r.ircD- 
i,.i?,^,    "> -^r-     ■■'^'    '^     "     f.    AT*.  W    bniieT*    banc 
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Gabheld. 

Metallurgy. 

Boston  Consolidated  Mining  Company  Mill:  stamp 
milling  of  Bingham  copper  ores  with  Wilfley 
table  and  vanner  concentration. 

Utah  Copper  Company:  roll  crushing  of  Bingham 
ores  wtih  jigging,  tabling,  and  vanning  methods 
of  concentration. 

Engineering. 

Utah  Copper  Company:  steam  power  plant;  capacity 
10,000  boiler  h.  p.;  500  h.  p.  Heine  boilers 
equipped  with  underfeed  stokers;  forced  draft; 
concrete  stacks;  large  cross  compound  Allis  and 
Nordberg  engines  direct  connected  to  A.  C.  gen- 
erators; Wheeler  surface  condensers  with  inde- 
pendently driven  Edwards  air  pomps. 

American  Smelting  and  Refining  Company;  steam 
power  plant;  large  horizontal  blowing  engines; 
single  stage  air  compressors  driven  by  cross 
compound  Corliss  engines;  Worthington  sur- 
face condensers  with  Blake  air  and  circulating 
pump;  500  h.  p.  Stirling  boilers  equipped  with 
plain  grates. 

Salt  Lake  City. 

Metallurgy. 

General  Engineering  Company;  special  devices  for 
screening,  classifying,  and  concentration  of  ores. 

Geology. 

Excursion  into  the  Wasatch  range,  showing  the  great 
synclinal  fold  and  the  Wasatch  fault;  very 
recent  faults  and  glacial  features;  Lake  Bon- 
neville terrace  formations. 

MONTANA. 

BUTTK. 

Metallurgy. 

The  Colusa-Parrot  Smelting  Company:  crushing,  wet 
concentration,  roasting,  and  smelting  of  cop- 
por  ores;  Hancock  and  Woodbury  jigs  and  spe- 
rial  dovicos  of  local  origin. 

Tho  Piooipitation  plants:  recovery  of  dissolved  cop- 
por  from  mine  waters;  leaching  and  recovery  of 
solublo  values  from  dumps. 
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AlfAGOIfDA« 

Metallurgy, 

New  Reduction  Works;  track  system  for  the  delivery 
of  ores  and  shipment  of  products;  compressed 
air  traction  for  yard  haulage;  concentrating  mill 
of  eight  one-thousand  ton  units;  bin  systems; 
briquetting  plant;  largest  furnaces  in  the  world; 
reverberatory  furnaces;  converter  plant;  refin- 
ing furnaces  and  casting  department;  arsenic 
plant,  and  flue  systems.  So  much  is  to  be  seen 
here  that  considerably  more  time  is  spent  in  this 
plant  than  at  any  other  point,  and,  owing  to 
the  courtesy  of  the  management,  much  valuable 
instruction  is  possible. 

The  Anaconda  Ck>pper  Mining  Company:  brick  de- 
partment; the  manufacture  of  clay  and  silica 
brick  of  the  highest  degree  of  refractoriness  and 
of  all  shapes. 

Engineering, 

New  Reduction  Works;  general  power  plants;  large 
triple  expansion  condensing  Corliss  engines 
belted  to  line  shaft;  two  and  four  stage  air  com- 
pressors driven  by  cross  compound  Corliss  en- 
gines; rotary  blowers  of  the  ConnersvUle  and 
Root  types,  direct  connected  to  Corliss  engines; 
rotary  blowers,  rope  driven  from  induction 
X  motors ;  Stirling  boilers  equipped  with  plain 
grates;  rotary  converters  and  transformers  for 
the  high  tension  current  brought  in  from  the 
hydro-electric  plants. 
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a,  nnmber  of  graduat*  teUowabliw,  ud  these  fellomUpa  will 
sire  ui  opportunity  to  gnulaatM  of  tbe  Bchool  of  Hlnee  aaA 
ottaan  to  get  training  in  ozperlmental  work  whlidi  It  would  be 
dUBcnlt  for  tbem  to  get  eUewbere. 

THE  LABORATORIES 

Tiie  laboratoriea  and  offices  of  the  United  Statea  Boreaa  of 
Hinea  occupy  the  Engineering  Bnlldlng.  These  conalst  of  two 
large  general  laboratories  for  analytical  and  reaearch  woA  on 
the  aeoond  floor;  a  large  laboratory  for  technologic  experimental 
work  la  the  basement;  and  in  addition,  a  number  of  small  private 
laboratoriea  and  rooms  for  special  work.  The  eqnipment  Is 
adapted  to  InTesUgatlons  In  connection  with  the  rare  metala, 
both  on  a  small  and  seml-commerclal  scale.  The  technologic 
laboratory  is  equipped  with  leaching  apparatus  of  Tarions  Unda, 
precipitating  tanks,  filter  preases,  steam-Jacketed  kettles,  roast- 
ing and  fusing  furnaces. 

"The  equipment  for  work  in  radloactlTlty  is  excellent.  Two 
rooms  are  espedally  reserved  tor  this  purpose.  The  Bureau 
possesses  nearly  two  grams  of  radium  which  it  haa  secured  as 
its  pro  rata  part  of  Its  cooperative  wiH-k  with  the  National 
Radium  Institute.  GOO  milligrams  of  this  radium  la  Teserved 
»t  Ooldtti  for  experimental  work.  In  addition,  during  this  year, 
the  Bureau  will  undoubtedly,  through  Its  research  work,  acctnnu- 
tate  supplies  of  mesothorlum,  ionium,  and  actinium." 
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with  apparatus  and  appliances.  A  few  of  tlie  rarer  ores  in  which 
prospectors  are  just  now  greatly  interested,  such  as  those  of 
tungsten  and  molybdenum,  will  also  be  considered. 

GENERAL  QEOLOQY;  QA8  AND  OIL 
Professors  Ziegler  and  Van  Tuyl 

Three  hours  lecture  work  a  week. 

This  course  is  devoted  to  such  geological  features  as  throw 
light  on  the  origin  and  manner  of  occurrence  of  ore  deposits  and 
on  the  structural  features  frequently  met  with  in  mining.  These 
latter  include  faults  and  folds,  strikes  and  dips,  and  the  mutual 
relationship  of  rock  masses^  Particular  attention  will  be  given 
to  the  kinds  of  rocks  and  geological  conditions,  which  appear  to 
afTect  ore  deposition.  An  important  part  of  prospecting  is  to 
know  what  may  be  sought  for  in  the  difterent  formations.  Gas 
and  oil  geology  is  a  feature  of  this  course. 

CHEMISTRY 
Professors  Coolbaugh  and  Test 

Two  hours  lecture  and  six  hours  practical  laboratory  work  a 
week. 

The  object  of  the  course  is  to  make  the  prospector  more 
familiar  with  the  use  of  such  apparatus  and  chemicals  as  may  aid 
him  in  supplementing  his  field  work,  and  to  equip  him  with 
knowledge  of  the  characteristic  properties  of  the  common  metals. 
Some  work  on  the  commercially  rare  metals  will  also  be  given. 

METALLURGY,    ORE    DRESSING   AND   ASSAYING 

Professor  Palmer 

Three  hours  lecture  and  six  hours  practical  laboratory  work 
a  week. 

The  following  subjects  will  be  treated: 

Principles  and  methods  of  sampling  as  used  in  mines,  mills, 
and  smelteries;  methods  of  assaying  common  ores;  determination 
of  the  value  of  ores  from  assay  or  analysis;  how  ores  are  bought 
and  sold:  the  value  of  an  ore  to  the  producer;  simple  tests  for 
the  prospector;  nature  of  ores,  crushing,  sizing,  and  classifica- 
tion; course  and  tine  concentration  in  water;  methods  of  dry 
concentration:  nmaI»:amation:  flotation;  electrostatic  and  mag- 
netic 8t>parat!on:  detomiininj:  percentage  extraction;  the  cyanide 
process:  leachln>;  copper  and  zinc  ores;  smelting  lead  and  cop- 
per ores:  simple  treatment  plant  for  prospectors. 

The  laboratories  nnil  experimental  plant  afford  exceptional 
opportunities  for  demonstration  and  the  student  is  given  every 
reasonable  tactlitv  to  study  methods  and  mechanical  appliances. 
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tecting,  and  removal;   precautions  to  be  taken  to  prevent  ac- 
cumulation; methods  of  recovering  and  removing  men  overcome. 

4.  .  Mine  lighting. 

5.  Mine  fires;  their  causes,  methods  of  preventing  and 
extinguishing. 

6.  Mine  rescue  methods  and  appliances,  with  demonstra- 
tions of  various  types  of  mine  rescue  apparatus  in  use,  resusci- 
tating devices,  pulmotor  and  lungmotor. 

7.  First  aid  to  the  injured;  a  complete  course  in  first  aid 
will  be  given.  This  includes  the  following:  the  human  body; 
wounds,  with  and  without  bleeding;  bruises,  sprains,  and  dis- 
locations; fractures,  simple  and  compound;  bandages  and  splints; 
shock,  fainting,  poisoning. 


THB  COLORADO  SCHOOL  OP  MINES  127 


SUMMER  SCHOOL 
1918 


For  the  benefit  of  matriculated  atudents  who  dealre  either 
to  make  up  deflclenciea  or  to  do  advanced  work,  and  for  the 
benefit  of  proepective  students,  a  Summer  School  will  be  held 
dnrtng  the  summer  of  1918  to  begin  July  15  and  to  end  August  24. 

Instruction  will  be  given  by  regular  members  of  the  faculty. 
The  following  courses  are  offered : 

Mathematics:  Algebra,  review;  Solid  Geometry;  Chemistry, 
entrance  requirements;  Physics,  entrance  requirements;  Mathe- 
matics; I.  Algebra;  II.  Trigonometry;  III.  Analjrtic  Geometry; 
IV.  Calculus;  V.  Calculus;  VI.  Calculus.  The  fee  for  these 
courses  is  |2.00. 

Mechanical  Elngineerlng;  I.  Descriptive  Geometry,  lectures; 
m.  BlementJUT  Machine  Design,  lectures;  V.  Kinematics  of  Ma- 
chinery, lectures;  VII.  Machine  Design,  lectures.  The  fee  for 
each  of  these  courses  is  |2.00. 

Chemistry:  IH.  Qualitative  Analysis,  lectures;  IV.  QualiUtive 
Analysis,  lectures;  VII.  Quantitative  Analysis,  lectures;  VIII. 
Quantitative  Analysis,  lectures.  The  fee  for  each  of  these  courses 
Is  12.00. 

Mechanical  Engineering:  IL  Descriptive  Geometry,  drawing; 
IV.  Elementary  Machine  Design,  drawing;  VI.  Kinematics  of 
Machinery,  drawing;  VIII.  Machine  Design,  drawing.  The  fee 
fior  each  of  these  courses  is  $2.00. 

Chemistry:  V.  Qualitative  Analysis  laboratory;  VI.  QualiU- 
tive Analysis,  laboratory;  IX.  Quantitative  Analysis,  laboratory; 
X.  Quantitative  Analysis,  laboratory.  The  fee  for  each  of  these 
eonrses  is  |7.00. 

Metallurgy:  I.  Assaying,  lectures,  fee  $2.00;  IL  Assaying, 
laboratory,  fee  $10.00. 

A  laboratory  deposit,  to  cover  the  cost  of  material  used,  is 
rsqnlred  in  each  laboratory  coarse.  Any  onused  portion  Is  re- 
tomed  at  the  end  of  the  course. 
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SCHOLARSHIPS 


One  COLORADO  SCHOLARSHIP  is  given  each  year  to  each 
of  the  high  schools  of  the  State  of  Colorado  that  are  on  the 
accredited  list  of  the  Colorado  School  of  Mines.  This  scholarship 
has  an  approximate  value  of  $175.00  and  exempts  the  holder  from 
the  payment  of  all  laboratory  fees  during  the  four  years  of  the 
course.  The  scholarship  is  awarded  on  the  recommendation  of 
the  principal  and  the  faculty  of  the  high  school.  A  candidate 
for  one  of  these  scholarships  must  have  successfully  completed 
a  four  year  high  school  course  of  study  and  present  satisfactory 
credentials.  The  candidate  must  file  his  acceptance,  in  writing, 
with  the  Registrar  on  or  before  July  first  following  his  gradua- 
tion. If  a  candidate  fails  to  file  his  acceptance  by  July  first,  his 
scholarship  will  then  become  void  and  will  be  offered  to  a  second 
candidate  from  the  same  high  school  who  complies  with  the 
requirements.  A  scholarship  will  be  honored  only  as  long  as 
the  candidate  maintains  a  regular  and  satisfactory  record. 

A  UNITED  STATES  SCHOLARSHIP  is  awarded  to  each 
state  of  the  Union.  It  exempts  the  holder  from  the  payment  of 
all  laboratory  and  tuition  fees  during  the  course  of  four  years, 
and  has  an  approximate  value  of  $800.00  for  the  course.  This 
scholarship  is  awarded  on  the  recommendation  of  the  Super- 
intendent of  Public  Instruction  of  each  state. 

The  candidate  shall  have  successfully  completed  a  four- 
year  course  of  study  and  be  able  to  comply  with  the  requirements 
for  entrance.  A  scholarship  will  be  granted  only  to  a  candidate 
who  intends  to  enter  the  Colorado  School  of  Mines  at  the  be- 
ginning of  the  first  school  year  following  his  graduation  from 
high  school.  A  candidate  must  file  his  acceptance  with  the 
Registrar  in  writing,  on  or  before  August  first  following  his 
graduation.  If  a  candidate  fails  to  file  his  acceptance  by  that 
date,  his  scholarship  becomes  void  and  will  be  awarded  to  a 
second  candidate  nominated  by  the  proper  official  making  the 
award.  A  scholarship  will  be  honored  only  as  long  as  the  can- 
didate receiving  it  maintains  a  regular  and  satisfactory  record. 

A    tT)REION    SCHOLARSHIP   is   awarded   to   each    of  the 

Latin-Amorloan  Oountrios,  to  each  of  the  Provinces  of  Canada 

and  to  tbo  Philirpiiio  Islands. 

List  of  foioiun  oountrios  with  the  title  of  the  official  who 
makos  tlio  awartl 


U»  TBB 


t  MiT   'or  mOWTC  ^MgiiiUfc. 


yifc€KWt  aM   'PM^  -3 
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METHOD  OF  GRADING 

The  following  system  of  grading  is  used: 

A — E2xcellent 

B— Good 

C— Fair 

D— Conditioned 

E3 — Failed  or  Subject  Dropped 

A,  B,  and  C  are  passing  grades. 

D  (Conditioned)  means  that  the  student  is  not  passed.  The 
deficiency  may  be  removed  by  passing  a  re-examination  or  by 
otherwise  completing  the  work.  Unless  a  condition  is  removed 
before  the* beginning  of  the  next  school  year  the  D  becomes  an  E. 

E  (Failed  or  Subject  Dropped)  means  that  the  subject  must 
be  taken  again,  and  that  no  subject  depending  upon  this  one 
may  be  taken  until  the  E  is  removed.  In  removing  an  E  the 
student  must  take  the  subject  again  either  at  a  regular  period 
or  under  conditions  approved  in  writing  and  in  advance  by  the 
head  of  the  department. 

Three  hours  of  laboratory  or  of  drawing  are  regarded  as 
the  equivalent  of  one  lecture  or  recitation  hour. 

In  case  a  student  fails  to  complete  his  work  in  any  subject 
the  instructor  may,  at  his  discretion,  report  to  the  office  not 
a  D  but  an  "Incomplete",  which  shall  be  designated  by  the 
letters  "Inc."  This  is  not  regarded  as  a  condition,  but  it  becomes 
an  E  at  the  beginning  of  the  next  school  year  unless  previously 
removed,  or  unless  an  extension  of  time  is  given  in  writing  by 
the  instructor  In  charge. 

In  case  a  student  leaves  school  with  one  or  more  conditions 
and  returns  after  an  absence  of  a  year  or  more,  the  term  "next 
school  year"  will  be  interpreted  to  mean  the  next  school  year  of 
his  attendance;  but  in  case  he  leaves  at  the  close  of  the  first 
semester  he  may  return  at  a  similar  period  a  year  or  more 
later,  subject  to  the  conditions  under  which  he  left,  as  though 
there  had  been  no  break  in  his  attendance,  except  in  case  of  a 
changed  curriculum. 

THE  LIBRARY 

The  school  library  occupies  one-half  of  the  second  floor  of 
Guggenheim  Hall.  The  room  Is  well  lighted  and  ventilated  and 
has  a  seating  capacity  for  one  hundred  twenty  readers.  The 
library  contains  about  fifteen  thousand  volumes  and  several 
hundred  pamphlets,  principally  of  a  technical  nature,  and  is 
being  Increased   in  subjects  corresponding  to  instruction  given 
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8PEAKER8 

DR.  H.  F.  HALL Denver,  Colo. 

''What  Mutt  I  Do" 
IRA  B.  LUTE Denver,  Colo. 

*^.  M.  0.  A.  Work" 
DEtAN  HART Denver,  Colo. 

"The  Way  of  Salvation" 
DR.  C.  L.  ME^AD Denver,  Colo. 

'HThe  Danger  of  the  Fractional" 
DR.  LIVINGSTON   FARRAND Boulder,  Colo. 

"The  Other  Man's  Point  of  View" 
BISHOP  F.  P.  McCONNBLL Denver,  Colo. 

"Keeping  Oriented" 
DR.  W.  B.  PHILLIPS Austin,  Texas 

"Religious  Life  in  the  School  of  Mines" 
JTJDGB  FRBSMAN' Denver,  Colo. 

"A  Business  Man's  Religion" 
HON.  CLARENCE  P.  DODGE Colorado  Springs.  Colo. 

"Christianity  and  the  Present  Crisis" 
C.  U  JOHNSON Denver,  Colo. 

"China  and  the  Future" 
DAVID  A.  LATSHAW New  York  City 

"The  Need  of  Christ" 
PROF.  W.  J.  HAZARD Golden.  Colo. 

"Early  History  of  the  Mines  Y.  M.  C.  A." 
H.  L.  HBTINZMAN Kankakee,  lU. 

"Sidelights  on  the  European  War" 
DR.  WINFIBLD  SCOTT  HALL Northwestern  University 

"Sex  Hygiene" 

THE   INTEGRAL  CLUB 

The  Club  Room  is  in  the  Gymnasium  Building  and  is  fur- 
nished in  the  ordinary  style  of  a  gentleman's  club.  The  purpose 
of  the  Club  is  to  foster  good  comradeship  among  the  students. 
It  is  under  the  direct  control  and  management  of  a  student 
committee. 

PRIZES 

Bach  year,  usually  at  commencement,  prizes  are  awarded  to 
certain  students  who  have  maintained  an  excellent  scholastic 
record  or  who  have  submitted  a  meritorious  thesis.  These  prizes 
may  bo  in  tho  form  of  cash,  engineering  instruments,  or  books. 
At  the  commonctMuont  oxordsos.  May  26.  1916,  the  Brunton  Tran- 
sit. proHonttHl  by  Pavld  W.  Hrunton.  of  Denver.  Colorado,  was 
awardoil  to  Walt  or  11  Halph  and  William  M.  Traver,  Jr.,  for 
thoir  tho»is  ontlthM.  "nriving  a  Tunnel  Through  ML  Zlon," 
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ALUMNI    ASSOCIATION 

The  aim  of  the  Alumni  Association  is  to  promote  acquaint- 
ance and  friendship  among  the  graduates,  to  encourage  them 
to  aid  each  other,  and  to  make  an  organized  effort  to  elevate 
and  uphold  the  reputation  and  standard  of  their  Alma  Mater. 
To  carry  out  these  ideas,  the  Association,  under  the  management 
of  an  Assistant  Secretary  and  Treasurer,  publishes  monthly 
"The  Colorado  School  of  Mines  Magazine'*  and  conducts  an 
employment  bureau,  or  Capability  £]acchange,  for  the  benefit  of 
the  members.  This  employment  bureau  also  assists  under- 
graduate students  in  securing  employment  during  summer  vaca- 
tions and  at  other  times,  especially  when  such  students  are  in 
need  of  funds  to  defray  the  cost  of  their  education. 

All  graduates  are  earnestly  requested  to  join  the  Association, 
and  to  keep  the  assistant  secretary '  and  treasurer  adyised  of 
their  addresses  and  occupations. 

The  officers  of  the  Association  are: 

James  H.  Steele,  '00 President 

John  G.  May,  '01 Vice-President 

Henry  P.  Nagel,  '04 Secretary 

Arthur  H.  Buck,  "ST Treasurer 

ETxecutive    Committee — ^Russell    B.    Paul,    '02; 
Daniel  Harrington,  '00;  Edwin  H.  Piatt,  '00. 

Orville  Harrington,  '98..Asst.  Sec'y.  and  Treas. 
EMitor  and  Manager  of  the  Colorado  School 
of  Mines  Magazine. 
Manager  of  Capability  Exchange. 

The  association  holds  its  annual  meeting  and  banquet  on 
the  day  following  the  commencement  exercises,  unless  otherwise 
provided  for  by  the  Executive  Committee.  All  graduates  are 
eligible  to  membership  and  are  invited  to  the  annual  meeting 
and  to  the  banquet. 

MONTANA   CHAPTER   OF   THE   ALUMNI    ASSOCIATION, 

BUTTE,    MONTANA 

James  W.  Dudgeon,  '13 President 

Harold  H.  Goe,  '08 Vice-President 

lx»ster  J.  Hartzell,  '95 Secretary-Treasurer 

UTAH    CHAPTER    OF    THE    ALUMNI    ASSOCIATION, 

SALT   LAKE  CITY,  UTAH 

.Tamos  S.  Thompson    '99 President 

Hlnir  S    Saokoti.  "09.  ..Vice-President 

A    r.  Wntts,  '(•*:  Secretary-Treasurer 
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ENROLLMENT  OF  STUDENTS 


SENIOR  CLASS 


LindUy  M.  R«lth,  PrMident 
Tho«.   H.  Allan,  Vio«-PrMld«nt 
Norman  R.  Copaland*  Sacretary 
Robt.  W.  Qibaon,  Traaaurar 
Rogar  F.  Whita,  Editor 


AJbl,  Charlaa Denvar,  Colo. 

Allan,  Tboa.  H Denrar,  Colo. 

Chiang,  L.  C Cbtna 

Copeland,  Norman  R Denver,  Colo. 

Oitflon,  Robert  W Golden,  Cola 

Jonea,  Wm.  F Rock  Springa,  Wjo. 

Raltb,  Undley  M Woodland.  Calif. 

Riddle,  Donald  D Golden.  Colo. 

Schneider,  Henry  O Denver,  Colo. 

Taen,  B.  C China 

White,  Roger  F Golden,  Colo. 

JUNIOR  CLASS 


Rene  J.  Mechln,  Praaldent 
Wm.  A.  Con  ley,  VIca-Praaidant 
Otto  H.  Metzger,  Secretary 
Cheater  M.  Plttaar,  Traaaurar 
Claude  Amidon,  Editor 


Amidon,  Claude Pueblo,  Colo. 

Bnrwell,  Blair,  Jr Denrer,  Colo. 

Chao.  Yuan  China 

Charlea,  Wm.  O Paliaade,  Colo. 

Conley,  Wm.  A Dauglaa,  Aria. 

Coulter,  Ronald  8 Colorado  Springe,  Colo. 

DIckinaon,  Barl  J Denver,  Colo. 

Mahoney,  John  F. Rawlins,  Wyo. 

MaxaoQ.  Harold  F Loa  Angelea.  Calit 

Meehin.  Rene  J St  Louis,  Mo. 

Matxger.  Otto  H Meeker,  Colo. 

Miller,  Guy  B Canon  City,  Colo. 

Mnlford,  Loren  D Golden,  Cola 

Parker,  Ruaaell  L Denver,  Colo. 

Poulin,  John  A Naturlta.  Colo. 

Prommel.  Harold  W.  C Golden,  Colo. 

Putnam,  Webster  F Denver,  Colo. 

Romine,  Thoa.  B Walla  Walla,  Waah. 

Sehnaider,  Chaa.  M Colorado  Springs.  Colo. 
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SOPHOMORE  CLASS 


John  K.  Housselt,  President 
Chae.  P.  Van  Gilder,  Vice-President 
Fred  L.  F.  Serviss,  Secretary 
Chas.  L.  Boelce,  Treasurer 
Donaid  L.  Bailey,  Editor 


Abadilla,  Quirico  Abella. . . '. Tayabas,  P.  I. 

Alvlr,   Antonio   Delgado Bulacan,  P.  I. 

Bailey,  Donald  L Denver,  Colo. 

Baldwin,  Harry  L Denver,  Colo. 

Bell,  Francis  M Palisades,  Colo. 

Benbow,  Jules  C Colorado  Springs,  Colo. 

Berkovitz.  Sam   Pueblo,  Colo. 

Bilisoly,  J.  M Golden,  Colo. 

Boeke,  Chas.  L Lena,  111. 

Bilheimer,  Earl  L Bath,  Pa. 

Bond,  Frank  C Estes  Park,  Colo. 

Brown,  Prentice   F Denver,  Colo. 

Bunte,  Ernest  B Denver,  Colo. 

Case,  Wm.  B Golden,  Colo. 

Christison,  Wilbum  E Canon  City,  Colo. 

Clifford.  Thos.  J EMgewater,  Colo. 

Clough,  Richard  H Colorado  Springs,  Colo. 

Davis,  Ninetta  Denver,  Colo. 

Dunn.   Geo.   V Golden,  Colo. 

Dutton.   D.  A Rifle,  Colo. 

Fessenden,  John  H..  Jr Tampa,  Fla. 

Flint,  Howard   Denver,  Colo. 

Gallucoi,  Nicholas  Louisville,  Colo. 

Gamett.  Samuel  A Pueblo,  Colo. 

Gifford.  Donald  W Norwood,  Colo. 

Graham,  David  J Mishawaka,  Ind. 

Hardy.  Earl  B Watertown,  N.  Y. 

Hill.  Thos  B Cripple  Creek,  Colo. 

Houssels.  John  K Long  Beach,  Calif. 

Huleatt,  Wm.  P Chicago,  HI. 

Hunter.  Carl  A Hot  Springs,  So.  Dakota 

Irland,  Burrall  H Webster  Groves,  Mo. 

Johnson,  R.   P Brighton,  Colo. 

Johnston.  David  C Nashville.  Tenn. 

Keating.  Paul  H Pueblo,  Colo. 

Kirkwood.  David  F Antofagasta,  Chile,  So.  Am. 

Klamann,  Albert  A Denver,  Colo. 

I^e.  E.  H.  Norton Cheyenne.  Wyo. 

lx>vlngs.  Wm.  S Leadville.  Colo. 

LichtonhoUl.  FYod   A Denver,  Colo. 

I JndtMhohn.   (^arl    T Alamosa,  Colo. 

Linn.    Herbort    K Denver,  Colo. 

Lynch.  Vii'tor  J Colorado  Springs.  Colo. 
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Jenni,  Alfred  E Pueblo,  Colo. 

Johanson,  Neil  E Seattle,  Wash. 

Kay,  Fred  D Glens  Falls,  N.  Y. 

Kelly.  Harry  O ESast  Las  Vegas,  N.  Mexico 

Kintz,  George  M Denver,  Colo. 

Lavery,  Aloysius  P Rexburg,  Idaho 

Litheredge,  Robert  W Loveland,  Colo. 

Littell,  Horace  V Denver,  Colo. 

Malinarich,  C Santiago,  Chile,  S.  A. 

Marvin,  Theo Sheldon,  Iowa 

Marx,  Paul  Denver,  Colo. 

McKenna,  W.  J Colorado  Springs,  Colo. 

Miller,  Howard  H Golden,  Colo. 

Moraes,  Jos^  E.  Albuquerque Pemambuco,  Brazil,  S.  A. 

Moreno,  Domingo  Santiago,  Chile 

Nelson,  Fred  M St.  Joe,  Mo. 

Neumann,  Gustave  L Denver,  Colo. 

Prentiss,  Louis  W Washington,  D.  C. 

Raiff,  Ben  L .Columbus,  Mont. 

Robb,  Andrew  B New  Britain,  Conn. 

Rogers,  Bryant  K Montclair,  N.  J. 

Rooney,  Lawrence  P Denver,  Colo. 

Ruth,  Joseph,  Jr Idaho  Springs,  Colo. 

Schneider,  Geo.  W Denver,  Colo. 

Seeman,  Arthur  K Brooklyn,  N.  Y. 

Sims,  Harold  R Watkins,  Colo. 

Strock,  Hale   Denver,  Colo. 

Stubbs,  Paul   Saguache,  Colo. 

Surfluh,  John  S Los  Angeles,  Calif. 

Thomson,  Waldemar  P Omaha,  Neb. 

Turner,  Albert  M Le  Veta,  Colo. 

Valdez,  D.  Carl Salida,  Colo. 

Vopel.  Gustave  Harold Denver,  Colo. 

Wise.  Leonard  E Monocacy,  Pa. 

Wong.  Yoong  Yih Eagle  Pass,  Texas 

Zambrano,  Jos6 Monterrey,  N.  L.,  Mexico 
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Ashton,  Charlotte  V Denver,  Colo. 

Bartlott.  Sidney  E Cheyenne,  Wyo. 

Brooks.  Edw.  J Denver,  Colo. 

Coulter,  Mrs.  Mabel  A Golden,  Colo. 

Cowan,   Peter    Denver,  Colo. 

Msher.  Eldon  J St.  Louis,  Mo. 

Olaspow,  H.  T.ee Rico,  Colo. 

Gleaaon,  M.J Harpers  Ferry,  Iowa 

Graff,    John    Denver,  Colo. 

Hare,  I>onnld  C Colorado  Springs,  Colo. 

Harper.   Theodore   S Golden,  Colo. 

Hart.  Harry  V Denver,  Colo. 

Hinninn.  Kloremv  T Golden,  Colo. 

Horhioher.   (^h:\s    W Denver,  Colo. 

Horsfnll.  IlMroUl  I Colorado  Springs,  Colo. 
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JaekKm,  bonis  DenTer,  Colo. 

M^dtr,  T.  R. Boulder,  Colo. 

Nelson.  JamM  B Golden.  Colo. 

N7Qiilrt«  Alex.  A Denver,  Colo. 

OUta,  Aired DenTer,  Colo. 

Oliver.  Jaaon  D Breckenrldge,  Colo. 

O^Ml,  Clande  G...*. AndahitU.  Ala. 

Palmtf,  Harrj  W Denver,  Colo. 

Pederaen,  Peter  J Las  Animas,  Colo. 

Rader,  Oea  A Colorado  Springs,  Colo. 

Rome,  Robert  C Colorado  Springs,  Colo. 

Savage,  S Shawmokin.  Pa. 

Seabolm,  Geo.  A LeadviUe,  Colo. 

Sears,  Warren  P Denver.  Colo. 

Sheehan,  Henry   P Denver.  Colo. 

Simon,  Donald  L Denver,  Colo. 

ThoBBSOB.  Geo.  B Kokomo.  Colo. 

White,  Mrs.  B.  B Golden,  Colo. 
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Five  BBmpIeB   Iroi 
Bureau  ot  Mlnen,  gave  i 


Bed  No.  1 

Bed  No.  2 

Bed  No.  3 

Bed  No.  4 

Bed  No.  6 

TaylorvUle  eh  alee  | 

Bed  No.  1 

Bed  No.  2 

Bed  No.  3 

Baltimore  shales  g 

Bed  No.  1 

Bed  No.  2 

Bed  No.  3 

Bed  No.  4 

Thirty-six  tons  of 
ton  Oil  Co.,  Scotland,  gi 
76.91  pounds  of  ammonium  sulphate  a  ton. 

The  New  BrunBwick  Shale  Co..  Ltd..  capitalized  at  (6,000,000.00. 
has  been  organized  to  develop  the  New  Brunswick  shales. 

Oil  shales  were  first  discovered  in  PIctou  County 
NOVA  in    18G9.     They  are  also  found   in   Antigonish 

SCOTIA  County.     Analysis  of  Pictou  County  shale  gave 

two  satisfactory  results. 

Crude  Oil,      Ammonium  Sul- 
Imperial  Gal.,    phate.  Pounds 
a  Ton  a  Ton 

Bed  No.  1 42.0  35 

BedNo.  2 14.5  41 

Analysis  of  Antigonish  County  shales  gave: 

BedNo.l 11.0  22.6 

BedNo.  2 10.0  38.0 

BedNo.3 23.0  34.0 

The  oil  bearing  shales  ot  Quebec  are  found  in 
QUEBEC  the  QaBp4  Basin.     T)ie  outcrops  are  from  12  to 

15  inches  in  thickness.     Samples  tested  by  the 
Canadian  Bureau  of  Mines  resulted  as  follows: 

Crude  Oil      Ammonium  Sui- 
Imperlal  Gal.,    phate.  Pounds 
a  Ton  a  Ton 

Bed  No.  1 30.0  42.20 

BedNo.  2 31.5  40.00 

BedNo.3 36.0  69.50 

On  account  of  the  Ihlnness  of  these  beds  their  economic  value  Is 
doubtful. 

The  oil  Bhales  of  Newfouodland  cover  an  area  of 
NEWFOUNDLAND         abont    750    square   miles.      The   iarzei  (t 

lies  between  the  head  of  White  " 

and  Grand  Lakes,  anil  varies  from  50  to  100  feet  in 
dip  of  the  strata  Is  slight  and  the  outcropplngs  are  br 
of  typical  shale  gave  50  gnllons  of  crude  oil  and  I 
monium  sulphate  a  ton.  The  Newfoundland  shales  )> 
tlve  value. 


F.J, 
4S«- 


U.  I 

a»6- 


The  Oil  Shale  Fields  of  the  LothUn,  Henry  U.  Cadell. 

Institution  ol  Hlnlng  Engineers,  Newcaatle-apon-Tyne;  Vol.  2S. 
pp.  3H-371. 

Tbe  Working  of  OH  Shale  at  Pumpberaton,  Wm.  Caldw^. 

Institution  of  Mining  EnglnAers,  Neircastle-npon-Tj'ne:  Vol.  it. 
pp.  681-689. 

Fnel  OH  From  Shale,  Dr.  Arthur  Selwyn-Brovn. 

The  Engineering  Magailne;  Vol.  60,  pp.  918-920. 

Transvaal  OH  Shale  DeposiU;  The  Mining  World,  Vol.  34,  pp. 
74-75. 


Canada  Department  ol  Mines:  Part  I.  Publication  65.  pp.  1-67; 
Part  II,  Publication  1107,  pp.  1-71. 

Red  Book  ot  the  Denver  &  Rio  Grande  R.  R.;  Sept.,  Oct..  Dec.. 
1917;  Jan..  Feb.,  1918. 


Vohtine  Thirteen  Number  Three 


Quarterly 


OF  THE 


Colorado 
School  of  Mines 


JULY,  1918 


Issued  Quarterly  by  the  Colorado  School  of  Mines 

Golden,  Colorado 


Eoiefed  at  Sccood-Cliu  Mail  Matter.  July  10.  1906.  at  the  Pottoliicc  at 
Golden.  Colorado,  under  the  Act  of  Congrets  ot  July  16,  18M. 


QUARTERLY 

OF  THE 

COLORADO  SCHOOL  OF  MINES 

Vol.  Thinccn  JULY.  1918  Number  Three 

Common  Methods  of  Determining  Latitude  and 
Azimuth  Useful  to  Engineers  and  Surveyors 

COMPILED  BY   HARRY  J.  WOLF. 
Professor  of   Mining. 


I.     LATITUDE. 

1.     By  Observing  Altitude  of  the  Sun  at  Noon. 

ia»  S**t  up  tranBlt  before  Icx'al  apparent  noon.  The  athndanl  time 
corr^'HpontlinK  'o  hM'al  apparent  noon  at  the  iMiint  of  nbaervatton  may 
bo  found  by  a'ldlnie  or  RubtractinK  from  12  h  ihe  equation  of  time  as 
dirert<><l  in  the  Nautical  Almanac  or  Solar  Kphomeris. 

(bi  F^ind  the  maximum  altitude  of  the  up|H>r  or  lower  limb  of  the 
sun  by  kei'pinfc  the  middle  horizontal  miHH  hair  tangent  to  the  limb 
as  loni?  utf  it  rcmtinues  to  rlHO.  Wlien  the  eliserved  limb  befcina  to 
drop  below  the  rroKH  hair  read  the  verti<'al  an^lo. 

«r»  I^vel  the  telesrope  and  determine  the  Index  error.  -Apply 
this  error  to  thi'  observed  vertical  angle  to  obtain  the  true  vertical  angle. 

id  I  From  a  table  of  rt'frartlonH  in  altitude  determine  the  refraction 
rorrt'ction  for  the  vertical  angb*  obtained,  and  aubtract  thia  correction 
from  the  true  vertical  angle  to  obtain  the  altitude  of  the  limb  observ«N|. 

let  From  a  table  of  semi-diameters  of  the  sun  determine  the  semi- 
diameter  for  the  date  of  observation,  and  add  this  correction  if  the 
lower  limb  was  observe«l,  or  subtract  it  if  the  upper  limb  was  observed. 
to  obtaiL  the  altitude  of  the  sun's  center. 

If)  From  a  ial>le  of  the  sun's  imrallax  determine  the  parallax  for 
the  observed  altitude,  and  add  this  correction  to  obtain  the  tru«»  altitude 
of  the  sun's  center.  In  view  of  the  limits  of  accuracy  of  the  surveyor's 
trufltt  this  correction  is  usually  neglected. 

(S)  FYom  the  Nautical  Almanac  or  Solar  FTphemerls  dvtermlne  the 
soB'f  declination  at  the  instant  the  altitude  was  taken.  If  the  longitude 
of  th«  place  la  known.  Increase  or  decrease  the  declination  for  the  instant 
of  Oreenwlch  apparent  noon  by  the  hourly  <-hange  mulllplicMl  by  the 
■mbar  of  hours  In  longitude.  If  the  longitude  is  not  knom-n.  but  t«land- 
ari  tlma  la  known.  Increase  or  dc>creas«*  the  declination  for  the  Instant 
of  Oraaowlch  mean  noon  by  the  hourly  change  multiplied  by  the  num- 
few  of  hoora  alnco  Greenwich  mean  noon. 

(h)  Latitude  =:  90*  —  Altitude  +  N.  Declination,  or 

LaUluda  =  90*  ^  Altitude  —  8.   Declination. 


COLf^i^MDf^  kTB^y^l.  or  MIXEJ  iC 


TT'  54*  *:•• 


A^'^'-zi*^  of  ftvi*  i*r:Vir  71=   IT  57' 


fiiB'i!  ap;Ar^r.t  d^clina'ion  at  point  of  ofcs-erra'Jon  =       X.  2S=  Si*  43.4* 
'h;  r/>mp'jt^  latfrrj'le  by  formyla:  Lat  =  S»:= — Alt  — X.Dec. 

KjStr?:rt  fclr!fnde=  7?*   3S'     0* 


LhiAti*\':  of  p\Si^f=  X.  3S.=    44'  43' 


2      By   Observing   Altitude   of  Polaris  at  Culmination. 

f^t  H':t  !]p  rrariHit  h^-fon-  upper  or  !o-*er  rrulniiDatfon.  The  standard 
Mffj*;  o'  ffiluiiuit^Utu  Ttihv  \,f-  foiind  hy  innerpolarion  from  a  ix.b:e  of  lime 
of  'ulrnirj.'jfiorj  of  folari-i  in  the  Xa'iti''&l  Almanac. 

^v>  Fo"jH  on  The  Htar  and  follow  it  with  the  horizontal  cross  hair  as 
lont'  a-,  ir  ^ontimi'-H  to  rise  if  upper  rr?ilmination  i.^  observed,  or  as  long 
an  it  'ontinrK-.i  to  fali  if  lower  r:ijlmination  is  observed.  WTien  the  desired 
otjlr/ilnatirin  is  r**a'h''d  r^-ad  the  vertical  angle. 

(' )  Level  th"  t'l'-H«^ op"  ?jnd  *letermine  the  index  error.  Apply  this 
(•.nor  U/  t]if  oiiHer  ved   verM'-al  an  trie  to  obtain  the  true  vertical  angle. 

(t\}  Froni  a  taf^l^-  of  r*:ni^rion:s  in  altitude  def^rmine  the  refraction 
corn-ction  for  the  v«'rti'-;j!  yint'U-  obtain^^d.  and  subtract  this  correction 
from  the  true  \f-r\\fu\  jjiiirle  to  f>btain  the  altitude  of  the  star. 

Iff   From   th»f   N';iiiti^;il    .WninTiTic  nr   Ephemeris  determine  the   polar 
tWi.tiiUf'j-  of  \'(,\:n\H.  eiflM-r  irorn  a  fable  of  polar  distances  or  by  subtract- 
\uir  tlie  ,'ii)parent  fb-^liru'ifion  irorn  U(>'' . 
(t)    I/jtitiifle       Altitiifl^-  (,f  the   I'ojr-. 

I.;ititii'l<'       Al^ir-MJ'-   of"    I'ol.-iris   at    upper   culmination  —  polar 

'li.J.'iri'e. 
Ijiiitufb-       Alfiiii'l'-   f)f    l*f)l;itis   at    lower   culmination -|- polar 

(li:  Uni'e. 
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EXAMPLE: 

(a)  Transit  was  sot  up  before  lower  culmination  on  June  1.  191  ft. 
Pron  a  table  of  cuIminatlonA  of  Polaris,  the  Im'al  mean  time  of  lower 
rulmlnaclon  is  N  h  51.3  m  P.  M.  for  longitude  90''  W.  For  WinRltude  105** 
32'  33"  W.  the  time  would  be  K  h  fil.l  m  P.  M.  (0.16  m  earlier  for  each 
15' K  The  transit  was  set  up  about  8:3u  P.  M.  which  Is  about  20  m  be* 
fore  lower  culmination. 

(b)  Observed  vertical  anKlc=: 

(c)  Index  error  = 

True  vertical  anf?le  = 

id»  Subtract  refraction  corn'ction^ 

Altitude  of  Polaris  = 

te)  Polar  distance  on  June  1.  11*18 

latitude  of  place  (altitude  of  N.  Pole)  = 


38- 

39' 

0- 

r 

0* 

38* 

3h' 

o** 

r 

13" 

3K- 

36' 

47" 

r 

K' 

0- 

N.  39" 

44' 

47* 

II.     AZIMUTH. 


1.     By  Observing  Altltuds  of  ths  Sun. 

la)  Observe  the  sun  at  any  tlnio  except  when  it  Is  within  10'  of  the 
bortion  (because  the  refraction  Is  relatively  larKe  and  uncertain)  or  when 
It  La  near  the  meridian  (b«vauso  small  errors  in  observed  altitude  pro- 
duce relatively  lar^e  errors  In  azimuth).  Set  up  transit  ovor  one  end  of 
the  lint*  whose  azimuth  Is  desin*d.  Sight  along  the  line  with  the  verniers 
set  at  0'.  With  the  lower  clamp  tightened  and  the  upper  c1i«mp  loosened 
sight  on  the  sun  with  a  colored  shade  glass  on  the  eye  piece  or  focus  the 
san's  disc,  and  the  cross  hairs  of  the  instrument,  on  a  screen  held  behind 
the  eye  piece. 

If  the  observation  Is  made  in  the  forenoon  place  the  sun's  <lisc  In  the 
apper  left-hand  quadrant,  and  tangent  to  the  vertical  and  m*ddle  horizon- 
tal cross  hairs,  and  record  the  vertical  and  horizontal  angles  and  the  time. 
Then  reverse  the  instrument  and  make  similar  observatir»ns  with  the 
sub's  disc  In  the  lower  right  hand  quadrant.  If  the  observation  is  made 
In  the  afternoon,  place  the  sun's  disc  first  in  the  upper  rigbr-hand  quad- 
rant and  then,  with  the  instrument  reversed.  In  the  lower  left-hand 
quadrant.  The  mean  of  the  vertical  angU^  and  the  mean  of  the  horl- 
lootJil  angles  may  be  assumed  to  correspond  to  the  position  of  the  sun's 
center  at  the  Instant  Indicated  by  the  mean  time  reading. 

The  direct  and  reversed  observations  should  be  made  within  a  short 
period  of  time,  say  2  or  3  minutes.  If  the  Instniment  Is  In  perfect  ad  ust- 
menu  the  observation  may  be  simpllfled  by  centering  the  Intersei'tlon  of 
the  vertical  and  middle  horizontal  cross  hairs  on  the  sun's  disc,  with  the 
aaalatance  of  diagonal  cross  hairs,  stadia  hairs,  or  concentric  circles 
placed  on  a  screen  upon  which  the  sun's  disc  is  focused. 

<b>  Prom  a  table  of  refractions  In  altitude  determine  the  refraction 
correction  for  the  mean  vertical  angle  of  the  sun's  center,  nnd  subtract 
this  correction  from  the  vertical  angle  to  obtain  the  altitude  of  the  sun's 
center. 

(c)  From  a  table  of  the  sun's  parallax  determine  tho  parallax  for 
the  observed  altitude,  and  add  this  correction  to  obtain  the  true  altitude 
of  the  sun's  center.  In  view  of  the  limits  of  accuracy  of  the  surveyor's 
transit  this  correction  Is  usually  neglectc»d. 

Id)  FYom  the  Nautical  Almanac  or  Solar  Ephemerl.<-  determine  the  sun's 
declination  at  the  insunt  the  altitude  was  taken.  If  the  longitude  of  the 
place  la  known,  increase  or  decrease  the  declination  for  the  Imtant  of  Green- 
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wich  apparent  noon  by  the  hourly  change  multiplied  by  the  number  of 
hours  in  longitude.  If  the  longitude  is  not  known,  but  standard  time  is 
known,  increase  or  decrease  the  declination  for  the  instant  of  Greenwich 
mean  noon  by  the  hourly  change  multiplied  by  the  number  of  hours  since 
Greenwich  mean  noon. 

(e)  The  azimuth  of  the  sun  from  the  NORTH  may  be  computed  from 
any  one  of  the  following  formulae: 

Where  A   =  sun's  azimuth  from  north 

D 

8  =  %  (codec  +  colat  -f  coalt) 


(1)  sin  %  A  =     /sin (8  —  colat)  8in(S  —  coalt) 

\      sin  colat  sin  coalt 


(2)  cos  %  A^=      /sin  8  sin (8  — codec) 

\sin  colat  sin  coalt 


(3)  tan  %  A  =     /sin  (8  —  colat)  sin (8  —  coalt) 

\    sin  8  sin  (8  —  codec) 

Or  from  any  one  of  the  following  formulae: 

where  A  =  sun's  azimuth  from  north 

n 

8=V4  (codec -h  lat -h  alt) 


(4)  sin  %  A  =      /sin  ^  (lat  -f  coalt  —  dec)  cos  h^  (lat  -r  coalt  —  dec) 

\  cos  lat  sin  coalt 

(5)  sin  %  Aj=     j's^P  (s  — alt)  sin  (s  — lat) 

\  cos  lat  cos  alt 


(6)   cos   V^   A^=       ,'cos  8  cos  (s  — codec  J 

\       cos  lat  cos  alt 


(7)  tan  1^  A  =      ■sin(s  —  lat)  8in(8  —  alt) 

\     cos  s  cos(s  —  codec) 

(8)  vers  A  =  cosdat -alt)_-^sinjlec 

"  cos  lat  cos  alt 

The  azimuth  of  the  sun  from  the  SOUTH  may  be  computed  from  any 
one  of  the  following  formulae: 

where  A  =  sun's  azimuth  from  south 

s 

S  =  1^    (codec  4-  colat  +  coalt) 


(9)   sin   i^  A  =      .^sinlS  —  codec)  sln(S  —  colat 

\  siu  codec  sin  coiat 


(10)  cos  %  A^=      /sin  S  sin  (S  — coalt) 

A  sin  codec  sin  colat 


(11)  tan  \^  A  =     /sin(S  —  codec)  sin (8  —  colat) 

'       \         Bin  8  8in(S  — coalt) 

(12)  COS  A,=     ^'!°^^,^— Un  lat  tu  alt 

*^     cos  lat  ooa  alt 


.'  J 
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Not« — If  the  observation  is  mftde  north  of  the  eqiistor  the  declination 
Is  -f  when  north  and  —  when  south.  If  the  observation  Is  made  south 
of  the  equator  the  dfK^llnation  is  +  when  south  and — when  north.  If 
the  sun  is  observed  when  north  of  the  prime  vertical  in  the  northern  hem- 
IsphiTe,  or  «outh  of  the  prime  vertical  in  the  southern  hemisphere,  the 
tni  t«*rm  will  b«>  icreater  than  the  second  term.  Equation  (13)  is  an- 
other form  of  equation  (12). 

-I"**  -.«-    %    —  ^  «*n  ^^^  —  **n  **t  sin  alt 

Hoi    COS    A    == .     ..._..       

*  COS  lat  cos  alt 

•  HI  vers  A  =  <-oii(Ial  +  alt)  +  sin  dec 

*  c'js  lat  cos  alt 

The  azimuth  of  the  sun  from  the  NORTH  may  be  computed  from 
the  following  formulae: 

whore  A.  =  sun's  azimuth  from  the  north 

(15)  cos  A  =  tan  C|  tan  lat  =  tan  C,  tan  lat 

C,=  Hcoalt-hH(C»  — C.) 

wh«*u  latitude  is  less  than  declination  and  on  the  same 
side  of  the  equator. 

C,  =  4  coalt  —  H  (C,  —  C) 

when  latitude  Is  greater  than  declination  and  cm  the 
same  side  of  the  equator,  or  when  latitude  and  declina- 
tion are  on  opposite  sides  of  the  equator. 

I 

tan  4(C,  — C.)=coi  Vidat  +  dec)  tan  ^(lat^dec)  cot  V&  coalt 


EXAMPLE: 

(a)  Transit  is  set  up  over  B.M.  on  June  4,  1918. 

Sifchted  on  Flagstaff  with  verniers  at  0**. 

Telescope  pointed   at   sun,   and   the  foUowinR  observations   re- 
corded 

Quadrant  Time  Horizontal    Ani?le  Vertical   Angle 

Upper    right 2:52  P.M.                  294'  15'                 50*     3' 

Lower   left 2:54  P.M.                   295^  34'                  49*     6;_      _^ 

Son's    center.......  ~2:63P.  M.                   294"  54'  3«>          49^ 'S4~3d'"~ 

(bi  Refraction  correction  =  49" 

Altitude  of  sun's  center  =  49'  33'  41" 

tc)  Parallax  correction  =  6* 

True  altitude  of  sun's  center  =  49"  33'  47" 

(d)  1.    If  the  Solar  Ephemeris  gives  the  sun's  declination  at  Green- 
IISAN  noon  proceed  as  follows: 

fa  apparent  declination  at  Greenwich   MEAN  noon  on   June  4. 
tL  n*  tr  2S.0'.    The  difference  in  declination  for  1  h=  18.03". 


8 
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The  place  of  otaenration  ii  west  of  kmgltiide  105*  W. 
time  is  used.    106**^:=  7  h.    The  standard  time  off  the 
2  h  53  m  P.1L  =  2^8S  h,  which  is  7  h  +  2J83  h  =  f .88S  li 
Mean  Noon.    The  difference  in  declination  at  the  instant 
Is  18.08''  z  9.888  =  178.2''  =  T  58.2^.    The  dedinatioa  at  the 
senraUon  is  22*  22*  ZZ,(r-{-r  58.2^  =  N.  22"  25'  20.2*.    Th 
added  because  the  north  declination  is  increasing. 

(d)  2.    If  the  Solar  Ephemeris  gires  the  son's  decUnatlon  at  Green- 
wich APPARETNT  Noon,  proceed  as  follows: 


of  ob- 
is 


Sun's  apparent  declination  at  Greenwich  APPARENT  Noon  cm  June 
4.  1918  =  N.  22*'  22"  21.4''.  The  difference  in  declination  for  1  h  =  18.01'. 
The  equation  of  time  is  2  m  1.51  s,  and  the  difference  In  the  eqoatlan  off 
time  for  1  h=:  0.416  8.  The  place  of  obsenratlon  is  west  off  longitude 
105"*  W.  and  105th  meridian  time  is  used.  105**  =  7  h.  The  standard  time 
of  the  observation  was  2h  53m  P.M.  =  2.883h,  which  fs  7b  +  2.883h 
=  9.888  h  after  Greenwich  Mean  Noon.  The  equation  off  time  at  the 
instant  of  obsenratlon  was  2  m  1.51s — (0.416  sz  9.888)=  Im  57.4  s  = 
0.033  h,  which  must  be  applied  to  standard  time  to  obtain  apparent  time. 
The  difference  in  declination  at  the  instant  of  obserration  Is  18j03*z 
9.883 -f  0.033)  =  178.8'' =  2'  58.8".  The  declination  at  the  Instant  off 
observation  is  22»  22'  21.4" -1-2'  58-8"  =  N.  22»  25'  20.2*'.  The  diflterence 
is  added  because  the  north  declination  is  increasing. 

By  previous  observation,  or  from  a  map,  the  latitude  of  the  place  of 
observation  has  been  determined  ^  N.  39*"  44'  45". 

(e)  1.    Computation  by  formula  (2) 


-V 


cos  ^  A  =     /sin  S  sin(S  —  codec) 


sin  colat  sin  coalt 

8  =  ^  (codec  -f-  colat  -h  coalt) 

codec  =  67°  34'  40" 
colat  =  50*  15'  15" 
coalt  =   40**  26'  13" 


28    =158*  16'    8" 
8    =    79*     8'     4" 


log  Bin  8 
log  sin  (8  —  codec) 
colog  sin  colat 
colog  sin  coalt 


log  cos  1/^  A 


n 


%  A 


n 


A  = 

n 

horizon'al  angle        = 


=  9,9921434 
=  9.3017612 
=  0.1141368 
=  0.1880158 

2)9.5960572 

=  9.79802S6 
=  51°  5'  24' 

102*  10'  48" 
294°  54'  30" 

397*     5'  18" 
-360  = 


IJiiaring 


=  X. 


37"  5'  18"  W. 
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(•)  1.  CompoUtion  by  formula  (12) 

,„   .    +  iln  dec 

"•  ^'  =  00,  l«t  CO.  alt  -^»  '•»  »"  "'^ 

lOK   fiin    dec  =      9.5814136 

coloK  cos  lat         =      0.1141368 
colog  co8  alt        =      0.1880158 

log  let  term         =      9.8835662 

log  tan  lat  =      9.9198979 

log  tan  alt  =      0.0694691 

log  2nd  term         =      9.9893670 

2nd   term  =  —  0.976814 

lat  term  =  +  0.764832 


nat  cos  A.      =  —  0 .  21 0982 


■ 


log  cos  A,      =   9.3242454 

A^  =    77*  49*  12- 

horizontal' angle  =294'  54'  30'* 


217'*     5'  18' 
—  180' 


Bearing        =N.  37'     5'  18"  W. 


Note:  It  la  customary  to  make  a  aeries  of  five  obaenrationa,  compute 
tW  axlmuth  indicated  by  each,  and  take  aa  the  azimuth  required  the  aver- 
lie  of  not  less  than  three  computationa  that  check  within  one  minute  of 
ire.   For  thia  purpoae  formula  (12)  ia  the  moat  convenient. 

(e)  3.    Computation  by  formula  (15) 

coa  A^  =  tan  C,  tan  lat 

C,  =  V»  coalt  —  H(C,  —  C,) 
tan  H(C,  — C.)  =  cot  Hdat  +  dec)  Un  H  (lat  — dec)  cot  ^  coalt 

alt=      49*  33*  47" 

coalt  =      40»  26'  13" 

dec  =  N.  22*  25'  20" 

lat  =  N.  39«  44'  45* 

(Iat  +  dec)=62'  10*    5" 

(lat  — dec)=17*  19*  25" 
H(lat  +  dcc)=31'     5'    2.5" 
Hdat  — dec)=   8*  39'  42.5" 
H  coalt  =  20'  13'    6.5" 

log  cot  H(l«t-f  dec)  =  0.2197847 
log  tan  Hdat  — dec*)  =  9.1828120 
log  cot  H  coalt  =        0.4338048 

log  tan  H(C.  — C,)      =       9.8364015 
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^  coalt     =       tO^  ir    6.5" 


C    =— 14*  14'  11. r 

log  tan  Ct    =       9.4043466 
log  tan  lat    =       9.9198979 


log  cos  A^    =       9.8242445 

A^     =     102*  W  AS" 
horizontal  angle    =     294*'  54'  30^ 


897'     5'  18* 


Bearing  =    N.  87*    5'  18*  W. 


2.    By  Equal  A.  M.  and  P.  M.  Altitudea  of  the  Sun. 

(a)  Set  np  transit  over  one  end  of  line  whose  azimnth  is  desired. 
Sight  along  the  line  with  the  vemiers  at  0*".  With  the  lower  clamp  tight- 
ened and  the  upper  clamp  loosened  sight  on  the  son.  If  the  upper  and 
left-hand  limhs  are  sighted  in  the  forenoon,  then  sight  on  the  npper  and 
right-hand  limbs  in  the  afternoon.  Use  the  same  Tertioal  angle  in  boQi 
observations,  and  record  the  horixontal  angle  and  the  time  in  each  case. 
The  mean  of  the  two  horizontal  angles,  corrected  for  the  effect  of  change 
in  declination,  is  the  desired  azimnth  from  the  soath. 

(b)  The  angle  between  the  meridian  and  the  mean  of  the  two  hori- 
zontal angles  is  found  by  the  formula: 

Half  the  change  in  declination  between 

the  two  observations 
Correction  = 


cos  lat  X  sin  half  the  hour  angle  between 
the  two  observations 

EXAMPLE: 
Latitude  =  N.  39*=  45'  36"      Date  =  July  11.  1918. 
Observations:  A.M.  P.M. 


Angle  on  desired  course  = 
Vertical  angle  on  upper  limb  = 
Horizontal  angle  = 
Time  of  observation  := 


0' 

63"  18' 

240=  3'  (left) 

lOh  30m 

0" 

63'  18' 

352'  18'  (right) 

Ih  12m 

>r  hour  angle 

=  Ih  21m 
=  1.35h 
=  20*'  15' 

Half  the  change  In  declination  =  19.37- x  1.35h  =  26.15' 

log  26.15"     =     1.4174717 

colog  cos  lat    =    0.1142261 

colog  sin  2«i'  15'     =     0.4607770 


log  correction    =     1.9y2474S 

correction     =     ?S.2S2"    =  1'  3S' 

r.-.-i-Mi  horizontal  angle    =  63'   49'  30* 


..orre.  :o,i   angle    =  "^S"'  47'  52- 
Bvarinc    =     S.  63=  47'  5r"W. 
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Note:  It  it  cuatoiDBO'  to  take  a  serieii  of  observatioua  in  the  fore- 
Bonn  at  suitable  intervals,  and  corresponding  observations  In  the  after- 
noon, in  order  to  che^k  their  accuracy  and  Increase  precision. 

S.     By  Observing  Polaris  at  Elongation. 

(at  Set  up  transit  over  one  end  of  the  line  whose  aiimiith  Is  desired, 
about  half  an  hour  before  elongation,  and  sight  along  the  line  with  the 
verniers  set  at  ^\  The  standard  time  of  elongation  may  bo  found  by 
Interpolation  from  a  table  of  the  time  of  elongation  of  Polaris.  If  such  a 
table  is  not  available,  then  the  hour  angle  may  be  computed  by  the  fol- 
lowing formula: 

tan  latitude 
.o.  hour  angle  =  ^j^j-^„„„j,^- 

This  hour  angle  may  l>e  converted  into  sidereal  time  by  ^he  following 
formula: 

Sider(»al  time  =  hour  angle  +  right  ascension. 

This  Fidereal  time  may  be  converted  Into  local  mean  time  by  the 
following  formula: 

Ijoral  mean  time  ^sidereal  time  —  mean  sun's  right  ascension  —  In- 
crease In  sun's  right  ascension. 

This  local  mean  time  may  be  converted  into  standard  time  by  ex- 
pressing the  longitude  between  the  lo<*al  meridian  and  the  standard  merid- 
tma  In  units  of  time  ur>''  =  lh).  and  adding  this  correction  If  the  local 
meridian  Is  west  of  the  standard  meridian,  or  subtracting  ilie  correction 
If  the  local  meridian  is  east  of  the  standard  meridian. 

The  declination  and  right  ascension  of  Polaris,  and  the  mean  sun's 
right  ascvnslon  and  the  Increase  in  sun's  right  ascension,  may  be  found  in 
the  Nautical  Almanac. 

(bk  Focus  on  the  star  and  follow  it  with  the  vertical  cross  hair  as 
it  moves  towards  Its  greatest  elongation.  Near  the  elongation  the  star 
appears  tu  move  vertically.  When  the  desired  elongation  is  reached  read 
the  horizontal  angle. 

<c)  Prom  a  table  of  azimuth  of  Polaris  at  elongation  determine  the 
azimuth  corresponding  to  the  latitude  of  the  place  of  observation.  If  such 
a  table  is  not  available,  then  the  azimuth  may  be  computed  by  the  fol- 
lowing formula: 

sin  polar  distance 
am  "««n«th=      -^^,^„j„j^- 

sin  codecllnatlon 
or  sin  ailmulh  =  --;:^i,j,j„,,^— 

td)  Bearing  =  horizontal  angle  +  azimuth  at  W.  elongation. 
or  Bearlng=  horizontal  angle  —  azimuth  at  E.  elongation. 

EXAMPLE: 

<al  Transit  Is  set  up  over  point  A.  July  IG.  19 IS,  in  latitude  N.  ^9" 
41'  45*.  From  a  table  of  elongations  of  Polaris  the  time  of  mestern  elon- 
gation Is  found  by  computation  to  be  lib  59.3ni  P.  M.  Point  B  is  sighted 
with  the  verniers  set  at  0^ 

tb)  With  the  lower  clamp  tighteneil  and  the  upper  clamp  loosened 
tte  star  Is  observed  at  western  elongation,  and  the  horizontal  angle  is 
•«•  4V  ao". 
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(c)  FVom  a  table  of  azimath  of  Pidaris  at  gkwgatfcwt  tbe  asimiitb 
for  latitade  N.  39''  44'  45*  Is  1"*  28^  27'.  Or  tlie  aiiBoth  may  be  oonpnted 
as  ISoUowb: 

Polar  di8tanGe  =  l*    S'    2*.    loi:  sin  polar  dlata]iee=8.2M41li 
LaUtude         =39"  44'  45'.     log  coa  latttode  =9. 


t 


los  sin  axfmntb  =S.41065a 

aximath  =1'' 28^27* 

(d)  Horiiontal  angle  =  S€*  47'  SIT 

Azfrnnth  at  W.  elongatton  =  1*  28'  27* 


Bearing  of  line  A-B=  X.  88*  15'  57'W. 


4w    By  Observing  Polaris  at  Culminatioii. 

(a)  Compnte  the  acact  standard  time  of  colminatioo,  and  proTide  t 
watch  reading  correct  standard  time.  Set  np  transit,  before  npper  or. 
lover  culmination,  orer  one  end  at  the  line  vhose  aztmnth  is  desired, 
aght  along  the  line  with  the  Temiers  set  at  0*.  With  the  lower  clamp 
tightened  and  the  opper  clamp  loosened  obserre  the  star. 

ib>  Focos  on  the  star  and  follow  it  with  the  Tertical  cross  hair  untfl 
an  assistsnt  reading  the  watdi  calls  the  time  of  cntminafion,  The  horl- 
aoncal  angle  is  the  desired  azimnth  fh>m  the  north. 


(a>  Transit  is  set  op  before  lower  cnlminatioB  cm  Jane  1,  1918.  FVm 
a  table  of  cnlmination  of  Polaris,  the  local  mean  time  of  lower  cobninft- 
tioa  is  Sh  51m  ISs  P.  M.  for  kmgitnde  99*  W.  Fbr  kmgitnAe  195*  ST  SS*  W. 

the  local  m<an  time  woold  be  lO.l^m  earlier  for  each  15')  Sh  51m  Ss  P.  M. 
The  longitude  becweec  the  local  meridian  and  the  standard  meridian 
•  1»>5*»  is- Si'  35*.  wMch  expressed  in  units  of  time  il5'=lh»=?m  lOs. 
Standard  time  =  *h  51m  Ss  —  im  !•:«  =  >h  53m  ISs. 

•  b>  The  hcriicctal  angle  ai  >h  53m  ISs  P.  H.  is  S.S=  l«r.  Hence  the 
desired  Neartng  is  X.  S>=  l**  W. 


&     By  Obaerving  Polans  at  Any  Hour  Angle. 


•  a»  Set  ::?  traasir.  u  any  liEie  whe-n  Poiarts  is  Ttsb^e.  orer  one  end 
of  the  lire  whctse  aii=:^:th  is  desired.    Sich:  alcn^:  the  line  wtth  the  Ter 
sec  a:   >=.     W:th  the  jower  olari?  tifhteceii  and  tbe  cpper  clamp 


h  FciJ-zs  cc  Th*  star  and  fc"cw  it  wtth  th-  intersection  of  the  Ter- 
tical and  th-r  zn:dc>  hrimontA:  :t»."i5*  hairs.  "Taie  a  sene^s  of  readings 
and  ^e•^c^*i  tie  time  hrrlrcntil  ancl^,  ani  r^rrivnil  an^^  for  each  ofaser 
"raticc  r^ermjin^r  th-e  miei  rrr:r  >f  th-e  transit  if  necespary.  If  the 
instnm'int  is  nrt  in  7•^rfr•:-.  ii:-r*:zt-«i:  =:^e  tie  >Shserratices  in  pain, 
TTtth  t*:f*:cjf  i-r«Tt  ini  — T^r.-tr^i  ani  aTera*^  th-*  r»o  sees  of  angles. 
■%^  i   ieCrrmm-e  th-e  tz-?iLZ.  ii— -e 

r     Th.*f  LZL—Z'i.  zij."    r-r   ."'.'ht  iTi*i  'r~  "h^  f'T'c 


-f-  4     '-'^  '  —  -l:  —  1^:  *-:t  '-•   ^calt  —  lat  —  dec\ 
\  :■.-*    jl:    :-.■*   i«*c 


^  -.'^ 


—  -  T     i:    :•.-?<.  l.-Mff 
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EXAMPLE: 

TraASit  is  set  up  at  8:30  P.  M.,  June  27,  1918.  ObBervatlouB  are  made 
S:40  P.  M.  to  9:20  P.  M.  At  9:00  P.  M.  standard  time  in  longitude 
Its*  32'  33"  W..  the  observed  horlsontal  angle  was  88^  5tr.  and  the  ob- 
wired  vertical  angle  was  38"*  45'.  The  refraction  correction  Is  1'  12". 
Hence  the  true  altitude  Is  38<*  45'  — r  12"  =  38**  43'  48^ 

CoalUtude  =  90'  — 38'   43'  48"  =  SI"   16'   12" 
Latitude  =  X.  39'  44'  45" 

Declination  =  90^  — 1'  8'  3''  =  88'*  51'  57"     (Refer  to  table  of  polar 
distances  or  declinations  of  Polaris) 

Computation  for  hour  angle: 

^(coalt  4-  lat  — dec)  =    r     4'  30".     log  sin  =  8. 2732604 
mcoalt  — lat +  dec)  =  5u°  11'  42".     log  sin  =  9.8854899 

colog  cos  lat  =  0.1141368 
colog  cos  dec  =  1.7034741 


2)9.9763612 


log  sin   hi  hour  angle  =  9.9891806 

%  hour  angle  =   76'  41'  36' 
hour  angle  =153*  23'  12' 


Computation  for  azimuth: 

log   cos    lat  =  9.8858632 
log  tan  doc  =  1.7002091 


log  sin  hour  angle  =  9.6512462 


1.5860723=  log  38.55426 

log   sin    lat  =  9.8057611 
log  cos  hr    =9.9513618 

9.7571229=  log       .57164 

log  37 . 9S262  = 1 . 5795849 

K»R  tun  azimuth  =8.0717613 

azimuth  east  of  meridian    =   0*"  40'  33" 
horizontal  angle  to  star      =SS'  56'    0" 


horizonUI  angle  to  pole     =88""  15'  27" 
Bearing  of  line  =  N.  88'  15'  27"  W 


Note:  Culminations  of  Polaris  for  latitude,  or  elongations  of  Polaris 
for  asUnnth.  may  be  observed  without  knowledge  of  the  time  if  advan- 
tage la  taken  of  the  fact  that  Zota  Ursa  Majoris  (the  star  at  the  bend  in 
the  dipper  handle),  the  north  pole.  Polaris,  and  Delta  Cnssiopelip  <the 
■tar  at  the  t>ottom  of  the  first  stroke  of  the  W)  are  nearly  in  a  straight 
llBe,  with  Polaris  between  the  pole  and  Delta  Cassiopelse.  When  this 
line  Is  horlsontal  Polaris  is  at  elongation,  and  when  the  line  is  vertical 
Polaris  Is  at  culmination,  the  elongation  or  culmination  b<*ing  in  the  direc- 
tion towards  Delta  Cassiopeiie. 
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Colorado's  Future  as  an  Oil  Producer 

bt  victor  zieqler 

PiorcHnoK  or  Qix>ij(k;y  and  Mixcsaijoot.  Colobado  School  or  Mines 


The  poftsibilitles  of  oil  production  in  Colorado  haT6 
FURPOSE  AND  aroused  a  widespread  and  general  interest  among  all 

SCOPE  OF  THE  the  people  of  the  state  during  this  past  year.     Be- 

FAPER  cause  of  the  intensive  development  of  the  Wyoming, 

Kansas,  and  Oklahoma  fields,  there  has  been  a  gen- 
eral feeling  of  over-exuberant  optimisnf  regarding  the  possibilities  of  produc- 
tion in  Colorado.  This  has  been  fostered  and  encouraged  by  many  unscrupu- 
lous "promoters"  and  **would-be  geologists.*'  "Colorado  has  greater 
poasibilities  of  oil  production  than  Wyoming  or  Kansas,'*  "We  have  fifty 
stmctures  in  Colorado  that  are  certain  to  carry  more  oil  than  any  fifty  in 
Wyoming."  and  "Colorado  will  be  the  great  oil  producer  of  the  future,"  are 
newspaper  headlines  that  have  gained  widespread  credence  in  this  state. 
Such  propaganda  undoubtedly  serves  a  useful  purpose  in  that  it  stimulates 
▼tgorous  prospecting.  Thus  an  active  drilling  campaign  has  begun  in  Colo- 
rado. About  fifty  prospect  wells  are  being  drilled  at  the  present  time  in 
•rery  part  of  the  state,  and  many  more  are  contemplated.  By  far  the  greater 
proportion  of  these  wells  are  drilled  in  locations  where  the  chances  of  sue- 
are  negligible  or  are  not  clearly  understood  by  those  interested.  In  most 
failure  is  assured.  The  inevitable  result  of  working  in  an  atmosphere 
of  over-enthusiasm  and  exaggerated  and  unfounded  hopes  is  disgust  on  the 
part  of  the  investor.  He  realizes  that  he  has  been  misled,  and  he  refuses  to 
participate  in  further  legitimate  development  work  in  this  state.  A  clear 
understanding  of  conditions  in  Colorado,  an  unprejudiced  and  unbiased  view 
of  our  chances  of  finding  commercial  oil  pools,  will  put  oil  prospecting  in 
this  state  on  a  safe  basis. 

In  the  nature  of  things  most  oil  work  is  highly  speculative.  The  ulti- 
mate returns  to  be  expected  should,  therefore,  be  proportionate  to  the  risks 
Involved.  The  possibility  of  getting  a  return  of  ten  dollars  for  every  dollar 
InTssted  does  not  justify  the  taking  of  a  one  in  one  hundred  chance.  The 
writer  will,  therefore,  attempt  to  answer  in  an  unbiased  way  the  questions: 
"What  are  the  chances  of  making  Colorado  an  important  oil  producer?",  and, 
"What  geological  formations  are  the  most  likely  to  carry  oil  in  commercial 
quantities,  and  in  what  parts  of  the  state  are  the  chances  best  of  finding  oil 
pools?"  This  article  has  been  prepared  for  the  people  of  the  state  and 
Investors  elsewhere  who  have  no  or  only  little  training  In  the  principles  of 
geology.  It  is  not  intended  for  the  specialist  in  this  subject.  Every  attempt 
will,  therefore,  be  made  to  present  the  subject  matter  as  free  from  scientific 
tarms  as  possible  and  in  a  manner  Intelligible  to  the  layman. 

OENKKAL  THBOBEnOAL  00N8IDERATI0N8 

In  discussing  the  possibility  of  oil  production  in  Colorado,  it  is  necessary 
to  call  attention  to  a  number  of  general  features  regarding  the  occurrence 
and  origin  of  oil.  A  elear  understanding  of  scientific  considerations  of  this 
nature  is  an  indispensable  aid  in  any  correct  conclusions  as  to  the  probabil- 
ities of  finding  oil  pools  of  commercial  importance  in  our  state. 

Thn  Roeki  That  Oany  Oil 

Not  all  rocks  carry  oiL  The  so-called  "crysUlline  rocks,'*  <.  c,  ths 
igneous  rocks  and  the  metamorphic  rocks,  such  as  granite,  nowhere  prodnoe 
commerrial  quantities  of  either  oil  or  gas.  These  rocks  can  be  recognised  by 
their  crysUlline  texture,  by  their  superior  hardness,  and  by  their  maasivs 
structure.  The  accompanying  map  of  Colorado  shows  In  black  the  areas 
taderlain  by  crystalline  rocks.  To  prospect  these  areas  tor  either  oil  or  gas 
vould  be  an  absolute  waste  of  time  and  money.  Thars  Is  no  probability  of 
fftr  obtaining  production  of  oil  or  gas  siospt  from  the  sodlmontary  rodUL 


QCAKTBO-T  <V  IBB 


e  aad  TtrtmBy  ImiliMi 

s  vitk«a  aM^H  is  n^pir  a  nnui 

•  oClkeea.    TW  B^  B^mDr  accepted 
~       ~   ~  ~      s  s  4eriTxiliiB  (nm  the 

e  b«rted  U  tke  MiflMCBts  Kt 
>e  tbcr  are  4ipariuid  is  tbe  tana  of  ■•<  m-  nad  «■  tke  «««a  floor. 
t  91  tUs  bnuL  aad  •■  put  br  tbe  nUdtr  •(  tke  oecBB  wuer,  or 
t,  tkrr  are  protected  fre^  ra(M  iliii  ii^iiiwliliiii 
t  of  MlKtlw.  potfriaetioM  fritoacd  aad  aecom- 
r  sad  decT«r  barial  BOder  tbr  «f«»»»ni»rt»g  — wm.img  As 
a  naalt.  >i  ihipi  «f  lamiaiiiig  jm  mmh  and  tgimmanp^  Ike  partiallT  pntre- 
SH  antica]  xsd  plaal  r^oninf  are  distlDM  fnto  on  ani  pxs.  I:  ft  of  Interest 
w  1.X1!:  tta.1  a  nmEber  of  different  (temi— 3  lave  ^u'-'.-!^-^^i  in  oaki<  _ 
trvE.  "ir.iire  oT  plant  ao'J  apiirni  rt^msirs  whith  were  TinuaDT  idfriiljeal 
Willi  tusXETtl  oSl%.  Oiber  eiplanaUoiiE  of  zbe  orlflc  bf  cQ  LsTe  ^ea)  adTKcce>i, 
f*T  z  ^.Gr-Ei^oii  of  whi'b  ihe  rea-;?--  i*  referrrf  -.o  speciaj  ti*a:ises  01 
Ciiiii^.  Ii  U  'jt-naJr^  ho^rver.  tfcai  ti*  orcaaic  origiii  c.f  c^  as  abOTe 
Bsifrl.  ii  b*«t  FQKionfed  by  ibe  facts  of  geciagj-  aad  cteadSTT-  Erery  e'^- 
4ett-jt  e'M«  to  Ekov  That  tbe  oil  and  sat  of  aH  comnerciaCr  iiBponaiit  S^lde 
la  il«-JvfeJ  fram  orgja)!'.   matter. 

BdtqTiMfi  of  Ofl  and  G«i 

Oil  ia  not  pnaeat  nnder  iJk  eartli'E  s^crfaz-e  in  lakec  or  streasos.  bnt  is 
•jomJiiUsi  ID  triDoLe  or-cnitcs  and  cracks  a^d.  iL  ^reaier  eritu'^  in  the  pore 
tf»i3ix  h^.-vtieB  Lh«  erajif  of  a  mk.  It  is  «^!1  to  realitp  tbai  marine  G«j)- 
vwvtf  '-nil  l«^  oOTiFi-l^re^  fETorablt  as  oil  proJcrtr^  only  «hai  they  carrj' 
rtKkc  Fuilabie  a«  oil  re*»-[(rin  thai  are  ai  the  same  ti3>e  snrronniled  by 
KCtii.!*-  enclOEitis  l>ed>.  Any  rock  that  is  capable  of  r«i;itainiiig  oil  aod  gas 
ta  ocd-nif-rcial  qoazitlri^s  is  kno»Ti  as  a  "T^i^TToir."  T^e  mosi  ctmuDon  types 
tt  r«».?TToir  iDckJ  art-  firs;,  sudstones:  s?oond.  Hmestones;  and  third, 
riEtai>«     Tb»«t  »in  be  di5.f-i;s^^  '  ritiy. 

Sasdstoses  are  the  most  romman  type  of  rcserroir 
SAHDSTOflES  •".■-.■.s     Tze  aam-i::  of  oil  that  any  sandstone  may 

r^TTj  ■•  ietrTTCinel  ty  the  number  and  ciae  of  open- 
iBSi  It  coDtaiaE,  t/r.  iL  o-.i-:  aorii,  ::;  porosity.  CetOKit  1*  quite  important 
fa  dfjtrtEirinfi  ;.'jr'j^:-y  ■^■i-_i.=  i:  :;iis?  -.;r  the  interstices  b«wpen  the  graine 
to  a  pr^a'^r  or  1*^-^  ;:r-r—  A  =^"-:cr2eTite-3  sandstone  is  bard:  a  loosely 
ewe?!'.*-:  '.^e.  ^vf:  iit:;  '-.^..-r     -^i-  is,  i:  ir.ay  1*  crcnibled  in  the  handa. 

In  irj'sor  0:',  sa*  i=  -u~   ^'■'i: -:>      Isuillv  they  are  darker  ta  color  than 
tie  l«.-r?ii  Baili      .i_=:i-.-,r.    -  i-^v-,  y'."?ir  to  brcm  sauaa  o«  •^ 
Ispan  vj  it  t±it  :•-.'•-     '   ;.■■-"--—      Thr-  taraffin  bas»  o^ 
■:  rtsil 
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Certain  MUidstoiies  occur  in  well-defined  strata  that 
SHAPE  OF  are  more  or  leet  constant  In  thickness,  and  that  ex- 

ll£SEltVOIR  tend  over  Tery  large  areas.    An  example  of  such  Is 

the  Dakota  sandstone  which  Is  known  to  extoid 
oTer  an  area  of  two  thousand  by  one  thousand  miles.  More  frequently  sand- 
stones are  lenticular  In  structure.  They  are  limited  In  areal  distribution  and 
thin  out,  or  *'plnch  out**  laterally.  The  entire  sandstone  t>ed  must  not  be 
thought  of  as  being  a  resenroir.  There  are  certain  portions  that  may  be  In- 
capable of  holding  either  oil  or  water  because  of  the  fact  that  they  are  tightly 
cemented,  or  perhaps  made  up  of  excessively  fine  grains.  The  reservoir  is 
confined  to  the  porous  part  of  the  sandstone  where  the  grains  are  coarser, 
and  consequently  the  interstitial  cavities  are  larger,  or  where  the  cement  Is 
poorer  and  does  not  completely  fill  the  room  between  the  grains. 

Limestones  are  essentially  calcium  carbonate.  When 
LIMESTONES  pure  they  are  ordinarily  unfavorable  as  oil  reser- 

voirs. Certain  limestones,  known  as  dolomltic  lime- 
stones, or  dolomites,  carry  varying  amounts  of  magnesium.  These  arc  usually 
porous  and  contain  oil  or  gas  in  a  number  of  prominent  fields,  such  as  the 
Lima  field  of  Ohio  and  Indiana,  Spindle  Top  and  other  fields  In  Texas,  and 
Malden-i-Napthun  In  Persia. 

Pure  limestones  are  quite  easily  soluble.  Consequently  circulating  water 
will  diMolve  out  caves  and  channels  which  may  occasionally  act  as  reservoirs. 
This  is  true  in  certain  of  the  Mexican  fields.  Limestones  are  not  likely  to 
become  im|M>rtant  as  reservoir  rocks  in  Colorado. 

The  older  geologists  emphasised  the  Importance  of. 
SHALES  *   rock  fractures  and  fissures  as  oil  container!*,  and  be- 

lieved these  to  be  far  more  important  than  the  In- 
cervtltial  cavities  between  sand  gralna  At  the  present  time  this  Idea  is  ap- 
plied to  but  a  few  pools.  For  example,  at  Florence.  Colorado,  oil  Is  found 
In  open  fissures  and  fractures  In  a  thick  l>ed  of  shale.  Several  other  local- 
ities, such  as  West  Salt  Creek,  in  Wyoming,  and  a  few  areas  In  Pennsylvania, 
show  a  similar  type  of  accumulation.  Generally,  however,  it  may  be  said  that 
such  occurrence  is  unimportant  and  unreliable. 

Reservoir  rocks  must  be  retained  between  rocks  Im- 
THE  ENCLOSING  pervious  to  the  circulation  of  oil.  as.  without  these, 

BEDS  OF  we  could  expect  no  commercial  accumulation.    The 

RESERVOIRS  most  common  type  of  enclosing  beds  are  water-wet. 

fine-grained  rocks,  such  as  clays  and  shales.  Oc- 
casionally, the  enclosing  rocks  are  similar  to  the  reservoirs,  but  either  so 
tightly  cemented  or  so  excessively  fine-grained  as  to  make  the  movement  of 
oil  through  them  Impossible. 

THE  mORATION  OF  OIL  AND  QAB 

In  the  preceding  discussion  we  concluded  that  oil  and  gas  are  formed  by 
distillation  of  plant  and  animal  remains  which  are  buried  in  the  rocks  by 
natural  causes  at  the  time  of  their  deposition.  Of  all  sediments,  muds  are 
most  prolific  in  organic  remains.  It  seems  highly  probable,  therefore,  that 
by  far  the  greater  part  of  oil  and  gas  was  originally  formed  In  shales.  Since 
neither  oil  nor  gas  occur  in  any  great  quantity  in  this  rock,  we  are  driven 
to  the  conclusion  that  they  have  migrated  from  shale  and  have  !>een  concen- 
trated In  rocks  more  suitable  as  reservoirs. 

ratf^P^  OP  ^  number  of  different  causes  have  probably  been 

Mt2«B  A^innia  active  in  forcing  such  migration,  chief  among  which 

MlGKATiun  ^g  j^^y  mention  the  following: 

1.  Differences  in  specific  gravity  of  gas,  oil,  and  water. 

2.  Head  of  ground  water. 

3.  Qas  pressure, 
i.  Rock  prsiiare. 

i.    Earth  movement 

••    Haat  gradtant 

T*    OMU^nr  attraction. 


€  QUARTERLY  OF  THE 

Within  the  limits  of  this  paper  it  is  impoasible  to  diaewm  these  folly. 
For  such  a  discussion  the  reader  is  referred  to  the  more  elabormte  treatises 
or  special  articles  listed  in  the  appended  hihliography. 

It  is  a  well-known  fact  that  gas  is  Uditer  than  oil. 

DIFFERENCES  IN         and  oil  lighter  than  water.    Oil  and  water  are  not 
SPECIFIC  GRAVITIES  miscihle.    Oil  floats,  therefore,  on  the  surface  of  the 

water.  Consequently,  whererer  on  and  water  are 
mixed  in  rocks  under  the  earth's  surface  oil  should  be  on  the  top,  and  wher- 
ever water  moves  through  rocks,  oil  must  be  driyen  ahead  of  it. 

The  water  in  the  rocks  of  earth's  crust  is  known 
HEAD  OF  as  ground  water,  or  underground  water.    The  head 

GROUND  WATER  is  the  pressure  determining  the  height  to  which 

water  will  rise.  Head,  therefore,  causes  water  to 
flow,  and  for  the  reasons  already  mentioned,  oil  and  gas  are  driven  ahead  of 
the  water  throu^  the  rocks. 

The  gas  associated  with  oil  is  frequently  under  rery 
GAS  PRESSURE  great  pressure.    This  pressure  is  of  necessity  exerted 

in  aU  directions  and  may  to  some  extent  force  oil 
to  more  through  rocks.  Gas  pressure  is  of  great  importance  in  certain  oil 
fidds  because  it  may  be  sufficiently  great  to  force  the  oil  throng  the  well  up 
to  the  surface  of  the  earth  and  so  produce  flowing  weOs  €t  gushers.  Gas 
migrates  in  all  directions  far  more  easOy  than  oiL  Gas  fiidds,  therefore^  are 
of  larger  extent  than  oH  fi^ds,  and  may  be  entirely  distinct  from  than. 

Rocks  underneath  the  earth's  surface  are  under 
ROCK  PRESSURE  pressure  equiralent  to  the  woght  of  the  column  of 

rocks  aboTe  them.  With  increasing  depth  this  pres- 
sure may  be  so  great  that  no  openings  can  exist,  and  that  the  rocks  will  flow 
like  wax. 

The  effect  of  rocks  whose  pores  and  openings  are  saturated  with  oil  or 
water  will  be  similar  to  thai  of  a  sponge  saturated  with  water  and  subject 
to  pressure.  The  liquid  and  lighter  material  will  be  gradually  squeezed  out 
and  force*!  towards  the  surface.  Below  four  thousand  feec  rock  pressure  is 
probably  the  most  important  cause  of  moTement. 

Earth  morements.  such  as  folding  and  faulting  and 
EARTH  tidal  deformations^  set  up  stresses  and  strains  in  the 

MOVEMENTS  interior  of  the  earth  which  hare  some  stimulating 

effect  on  oil  migration.     Their  importance  is  prob- 
ably rery  sli^t. 

As  we  descwid  from  the  earth"*  surface,  we  find  that 
HEAT  ^^  :empera:ure  increases  at  a  more  or  less  regular 

GRADIENT  ra:e  of  1  -  C  for  every  fifty  to  one  hundred  feet.  This 

regularly  increasing  temperarure  may  have  a  slight 
stimulating  effect  on  circ^ilatlon-  The  general  teidency  win  be  to  drive  the 
Bquids  upw-ard.  Its  importance  is  probaMy  v^ry  siig±*.  because  of  the  great 
^epch  reqnireii  for  an  effective  teniperat^re  increas*?.  Thas  a  burial  of  one 
is  odj  eq^val«i:  :o  a  :esnp*era::ire  increase  of  5*-  to  1»>J-   C. 

T^e  tczie-'j  of  Ii;:iiis  "o  ascend  minute  openings 

izi  rc7v<.  <':::h  is  those  in  spooge!^  is  a  result  of 

c-irillLrv    A:--^v.-::'>n.      The    effective    pressure    that 

;-:is    :o    i?c^zi    sc^rh    tubes   is    capillary 

7  7-\>^-re  :hr>r^  tizses  as  great  as  that  of 


2.   7j  \:--^   .:'  en  i2i  wkter  is  disseminated 
i     "ir  .  ::  »:*::  ^  rvtieist  that 
?^T>:::vf  >^^:r>?^::it>sn  ««^  oil 
_-:i^r   -rr>:.^:r,  cvtnKpwis  the 
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Wbeo  the  muds  are  originally  deposited  they  carry  occluded  frai^mentB 
of  plants  and  animals  which  are  subsequently  altered  and  changed  Into  oil. 
Doe  to  the  original  comiwctlng  of  the  muds  by  "rock  pressure"  and  the  se- 
leetlre  action  exerted  by  capillary  pressure,  the  oil  produced  Is  concentrated 
Into  the  more  porous  and  more  resistant  resenrolr  rocks,  especially  sand- 
stooea.  In  these  resenrolr  rocks  we  have  a  mixture  or  emulsion  of  both  oil 
and  water.  This  becomes  separated  due  to  a  circulation  of  underground 
water,  the  Immlsciblllty  of  oil  and  water,  and  the  fact  that  oil  being  the 
lighter,  rises  to  the  top  of  the  water  surface.  The  structural  conditions  nec- 
essary to  cause  a  commercial  accumulation  will  be  described  In  the  following 
paragraph. 

The  primary  concentration  of  oil  and  gas  Is  effected 
GENERAL  by  rock  pressure  and  by  capillary  pressure.    The  re- 

DIRECTION  OF  suit  of  these  two  causes  will  be  to  promote  the  move- 

MIGRATION  ment  of  oil  and  gas  especially  In  an  upward  direc- 

tion. This  may  have  a  decided  effect  In  determining 
the  relative  productive  capacity  of  resenrolr  rocks.  Thus  we  may  consider  as 
an  example  the  case  of  two  oil  sands  lithologlcally  alike  and  equally  favor- 
ably located  from  the  structural  standpoint  One  of  these  sandstones  Is 
below  the  series  of  shales  in  which  the  oil  has  been  formed  and  the  other 
sandstone  Is  directly  above  the  shale.  Because  of  the  more  active  move- 
ments upward  there  will  be  a  greater  concentration  of  oil  into  the  upper  sand- 
stone which  will,  therefore,  be  the  more  promising  from  the  standpoint  of 
fntnre  production,  all  other  conditions  remaining  the  same. 

TIm  Binicture  of  Bocki 

The  arrangement  and  attitude  of  rocks  In  the  earth's  surface  Is  called 
stmctare.  This  Is  of  the  utmost  Importance  In  oil  work.  Special  structural 
conditions  or  arrangements  of  rocks  are  needed  to  Insure  a  commercial  accu- 
mnlmtion  of  olt 

As  a  rule  we  do  not  find  the  sedimentary  rocks  flat  and  undisturbed  as 
tbey  were  originally  deposited,  but  we  find  the  rocks  folded  and  wrinkled 
mocb  like  the  quilt  on  our  bed  after  a  night's  sleep.  The  upfolds  or  arches 
are  anticlines;  the  downfolds  or  troughs  are  synclines.  The  higher  parts 
of  the  folds,  which  experience  has  shown  to  be  the  more  likely  to  carry  oil, 
are  then  known  as  "anticlines."  This  rule  of  association  of  oil  pools  and 
anticlines  is  called  the  "anticlinal  theory."  It  Is  the  most  important  prin- 
ciple of  oil  geology,  and  should  govern  all  prospecting  and  examination  of 
oil  lands.  The  accumulation  of  oil  In  the  higher  parts  of  the  folds— or  In  the 
anticlines — Is  explained  as  follows:  The  sandstones  which  act  as  oil  and  gas 
reservoirs  are.  In  most  cases,  saturated  with  water.  They  are  overlaid  and 
underlaid  by  shale  or  some  other  rock  which  forms  a  practically  Impervious 
cover.  Oil  and  water,  even  If  vigorously  stirred  up  and  shaken  in  a  bottle, 
win  not  mix,  but  will  separate  In  two  layers  according  to  their  weight — the 
oil  on  top,  the  water  below.  Similarly.  In  the  oil  sand  such  a  separation  will 
take  place.  If  the  sand  be  completely  saturated  or  filled  with  water,  the  oil 
will  rise  to  the  highest  part  of  the  reservoir — which  is  the  very  top  or  creat 
of  tlie  anticline.  If  the  sands  are  only  partially  saturated,  the  oil  will  aocn- 
nnlate  on  top  of  the  water  level  along  the  sides  of  the  folds.  If  the  sands 
are  dry,  the  oil  of  necessity  will  be  found  In  the  bottom  of  the  troughs— or, 
to  nse  the  geologic  term,  the  ssmcline  In  by  far  the  great  majority  of  cases 
we  have  the  oil  sands  completely  saturated  and,  therefore,  find  the  oil  In  the 
crest  of  the  anticlines.  These  are  the  conditions  met  with  In  most  sands  of 
Wyoming,  California,  and  the  Appalachians.  Whether  or  not  a  sand  is  sat- 
urated can  only  be  determined  with  certainty  by  drilling.  Common  expert- 
eaee  In  a  field  is  the  only  reliable  guide.  The  geologist  Is  of  value  becanae 
Iks  can  pick  out  that  part  of  the  structure  which  holds  out  the  greatest  chance 
under  the  conditions  prevalent  in  that  field. 
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PlK-  --  A  vertical  SMtion  tbroogb  an  antlf^ae  Ulns- 
timtlns  the  occarrence  of  gas.  oil  and  water  in  tha  aama  tCKer- 
volr  aaud.     a  Is  a  g»a  well:  B  >d  oil  well:  and  C  a  water  -wtU. 

In  EPJtnr  fields  noticeable  qaastltles  of  gas  accompuiT  the  olL  This  being 
tte  Htfitest  consdtnent  present,  rises  to  tbe  Uqi  of  the  oQ.  Hence,  tbe  occurs 
naoe  <rf  gns  wells  and  wnter  wells  on  the  sune  Btnictnre  la  expUlned  by  tbe 
tect  thnt  the  oU  auds  are  strnck  at  different  eleTadons;  the  gaa  welt  «t  tbe 
kICkest:  tbe  oU  well  at  an  intermediate,  and  tbe  water  well  at  a  lower  eleva- 
doa.    Tbe  dlaerams  make  this  dev. 

Titere  are  other  arransemrats  of  rocks  besides  the  antldlne  that  afford 
a  Aance  tor  the  tormatitm  of  oil  pools.  Thns,  the  Ideal  etmctDre  is  the 
**4oB^~  which  is  a  fold  shaped  like  an  Inrened  bowL  Domes  may  be  circn- 
ttr  In  groand  ^an.  blghlj-  dMigated,  oral,  or  eccMitrie.  Heat  of  the  pro- 
tedtag  WytHidng  oil  IMds  are  dmnes. 

Hortaoatal  rocks  are  usually  nnfaTtiialde.  There  aie  raie  exceptions,  as 
ta  lisxko,  wbM«  as  a  reenlt  of  the  Intrastoa  of  a  dyke,  or  plug  of  lava,  or 
Iffini  rot^  the  Eedimcnis  are  snBciently  disnuted  and  tiUed  to  form  a 

Rocks  dipping  or  infiined  in  one  dire^vioa  onlr.  are  usually  oofavorable. 
Tbe  oil  rising  npward  fe^ps  oat  aa  the  ^tirtafv  and  Ie  ki:^.  This  is  the  case 
in  the  Ii?bl  oil  fields  of  Wyomiuj  and  Colorado.  Ceirain  oils  are  so  bearr 
and  Tiscoci  -.hai  upon  rising  towards  the  surface  ihey  harien  and  cIor  up 
the  por^s  o;  :t«  sandsione.  En  ttis  w»t  tbe  bitnminons  and  asphalt  bearing 
rocks  ti'£«  :t:.cee  of  California  and  Oklahcaut  are  formed.  Tbe^e  frequently 
form  tbe  forer  or  eeal  of  an  oil  pax^.  .Xgain.  sU^i  warping  may  affeet  the 
■lope  ci  tbe  nvis  ani  fortu  a  trap  in  w^kh  oil  anl  cas  coQeci.  Of  Euch 
aaru«   arv   tbe   ~sircctura£    lerraM^s"   of   ;h«   Ohio.    Indiana,   and    Kansas- 

Tt*c«  IT*  Tcany  other  Kractu.ral  i-<ciit:i-=s  EatocaI>>  to  oil  aecoinula- 
d««-  Faalts — :ta:  is,  Irai-nres  a)on$  whii-h  c:x-i«i^:5",  of  the  r-vks  has  taken 
ptw^ — oi^ec  Soralinf  «'.  aiY^mslatioa.  TiU  i;  aprarvnUy  trse  in  West  Sail 
Cteek.  WyocLisc.  A;  other  pl^res  fa&Irs  des^Twy  ■-.'r--u~-^t-  p^-ts^iMiities.  Xo 
ma^o-  wi,a:  the  str^jctCTe  may  he.  we  Eii^s:  h^Tv  fo-rcfis  rock,  nsually  a 
ia»Ss:oa^.  .-apa-i*  i"-;  a.-;i^  ij  a  res^rroir.  asi  iSk-i-ist?-;  iE  relatively  im- 
perrrM^  rvvi.  ^SiaiZy  sii:,-.  .  i*  arT^iiy:¥=i'«i:  cC  Twris  idck  be  stch  that 
tbeev  eiiics  aa  ogrvTT^iiit?^  'or  ;h;  a-vTi^^iiati-.-c  ^  ivczjercial  quantities 
«<  ev  aii  fas,  T^  cos",  i^ri'—az:  s:r.f-*  fio:,-?  zx.  tfce  i/K^usg  of  an  oil 
««j;  a.  tS-eri'-Oire.  tie  pei^Va;,-  sit-;;:.:^-  Th-?  .'i:?;  vtlne  oi  i^  ^eok^st  Is 
Ui  aic^ty  P9  i*c<r=Ii-e  :i-?  s-;r.: ;  ■ -::v  'r.-;=  ;ire  iMtrfi«t*ott  and  arrange 
■its-.  ■:'  rati  it  -i-  f^rfi.-:    s::        '..va:*  ;1^  faTon^Ae  anas  tor  testing. 

A  sr^iiz  ^a^^  r.-T-  :.-  -    >  .-T  -       .:.j  .-::;:-  iroi;  :!.*  w~(aUed  "taTtwable 


COLORADO  SCHOOL  OP  WNU 


pic.  I.     A   vrrtlml  iif<-tlcin  throuRh  Flu.  4.     A   Mctlon  thronsh  iin   un- 

■  raull   ahowlnit  an  oil   pool    (black)  eonformttr.     abowlnc     an     oil     pool 

■«alHl  In  by  (h»  fault  plana.  b«lo«. 

The  Bnt  three  "Indlntlona"  are  only  ot  value  In  provltiit  the  tact  that  a 
rvrtalo  formation  nrrlea  oil.  They  do  not  Indicate  commercial  tMnimulatlon 
under  the  lurfare.  Drllllnft  should  be  undertaken  only  on  k  faTorable  Keotog- 
Irs]  Mrurture  In  rorks  jiroved  petroliferous.  The  frequent  aiisorlatlon  of  brine 
with  oil  bns  led  to  (he  popular  belief  that  salt  water  InvarUbly  Indicate*  the 
preMnce  of  oil.  This  Is  by  no  means  true.  Hrlnee  may  or  may  not  be  arrom- 
panted  by  oil.  Tbe  prmencv  ot  salt  water  la.  Ifaercfore.  of  no  particular 
dlaenostlc  value. 

Oil  ahalea  are  clay  nnka  rlih  1»  Mtumlnoua  ma- 
"OIL  SHALES"*  lerlal  whlrb.  on  destructive  dlailllatlon.  yield  oil  and 

icaa.  Considerable  btat  la  neresiiary  to  obtain  tbe 
oil.  Protiaiily  by  far  the  greater  part  Is  not  present  an  oil  but  as  an  orttanic 
refldue  which  breaks  up  Into  oil  whfn  healed.  ThlH  Is  corroborated  by  tbe 
tact  that  ihalea  which  carry  as  much  aa  elitbly  Kallonn  of  oil  to  tbe  ton  are 
not  In  the  least  xrcaiiy  and  do  not  show  visible  oil.  The  oil  shale  of  tbe 
Green  River  formation  covers  large  areaa  In  northweatcrn  Colorado,  aoutb- 
weatern  WyomlnjE,  and  norlbeastem  Uinb.  The  shales  are  at  the  eartb'a 
*urface  exposed  to  erosion,  and  have  probably  no  algnlUcance  whatever  aa 
tar  aa  poaslble  oil  fields  are  concerned. 

Attacking  ibe  luliject  under  dlarusslon  from  the  theoretical  tiiandpolBt 
we  bave  arrived  at  tbe  following  conclusion! : 

1.  Tbat  only  marine  aedlmenta  can  be  considered  favorable  aoureea  of 
oil  and  K**.  because  they  originally  contained  the  raw  materials  from  wblcb 
oil  and  gas  bave  t>een  formed  by  distillation. 

Z.  That  to  deserve  exploitation  nuch  marine  sedimentary  rocks  most 
I'ontaln  aullaMe  "reeervolr  To<-k8"  which  are  capable  of  carrying  and  yield- 
ing commercial  quantities  of  oil  and  Raa,  Such  reservoir  rocks  are  chiefly 
"open"  aandstones.  but  may  be  iMrous  limestones,  or  very  rarely  Assured 
•balaa. 

3.  That  commercially  valuable  accumulation  of  oil  and  gas  need  only 
be  expected  where  the  attitude  or  structure  of  the  rocks  la  such  aa  to  trap 
tbem.  Such  BiniriurBl  conditions  are  afforded  by  damee^  ftnd  to  a  leaMr 
extent  by  anticlines.  lermces,  and   faults. 

I  now  deal  wllb 
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As  elated  before,  all  tbe  geological  formations  are  depoalted  ■ccordlng 
to  age.  with  tbe  oldest  at  the  bottom.  The  Included  table  shows  the  geolod- 
«)  tormatlon  of  Colorado  arranged  nccordl&c  to  geologlaU  age. 


«sr.k- 


oreouonAoo 


ml 
Irms  fault 

Lfer  of  facx, 

l*eea  borne 
cnm  in  Tiiese 


•It  *x^^i**ri*j!i:;  <i<fry>F:u  i^f^iT  tiff  *op.  t.h:2.:  £j^  proniri^itly  deT»loT>ei  orer 
ri«<r  4^1  ft;  Of<;!&t  fij&lijf  Tiiint^jZi  an^  ct^t  much  of  the  ar«a  of  tie  Rorky  Moun- 
tjidfidi  'V^fef  ♦»  ti*^  Put/ri^i  Coan  North  ani  sc-Tith  tiey  exiend  from  Mexico 
Jfc»/>  Aii^ut/^  Tj^*:  varloih  fomiaiion?  incl^iei  in  the  Cretau-eoos  of  Colorado 
«r«  4^^>«rb  ji»  »ii«;  a/':^:</!2i;#aiiias?  tatle  The  re*  k?  ar^  chiefy  shale  which 
f*^«6*fi.'t  w.'U'l*  ori^^E-aJlr  d*';.'OF;te-i  in  <:i?inr«aratiTely  shallow  w^^^an  water. 
tfj  ^yjUfT  *h*:  fcfual**  ar<r  "t'iU  frmy  drab  to  also?:  black.  The  greater  part  of 
fi*#r  isii^i^  if.  i^'if*t  <'lay  thv:!*-.  b'it  much  is  qtiite  san-ly.  ani  some  is  highly 
^^al^sarrfy/fi*  Th<r  ff/knili  of  marine  animals,  chieSy  mollusc's,  are  quite  ahim- 
4MHt,  whil*r  '^rft^in  layers,  e5^*e<lallv  near  the  base,  abound  in  fish  scales,  all 
UdBiiAx  w;';*>r  ♦-vi'len^e  of  the  larze  az;o:i.:  cf  dead  animals  originally  en- 
U/mbe4  in  th***r  rocks.  Interbedded  vsrith  these  shales,  but  of  very  minor  im- 
f/ijfVuif^.  ffj-nr  a  few  jyx/rly  re:^»rn'e:  .-anis:ones.  These  become  more  abun- 
dant iMrar  the  »/>p,  tjntil  they  make  jp  nearly  all  of  the  upper  part  of  the 
(In^U^j^ina  if^r\^..  Tht-i-^  ?-an  ::-'or.-5  are  yellowish  white  to  buff  in  color. 
TiMrjr  fiirry  m^ny  f^^\r 


of  p:an 


lm(M^rta/jt  'o^i  k^^ 


rr  - 


::ii::ns.  ani  also  contain  a  majority  of  the 
he  Ro  r  y  Mountain  recion.  A  few  impure  lime- 
Mt/ffum  ot'/'MT  Irjt^^rte  j  jf^  i  in  *he  -hi>s  These  are  of  very  minor  importance 
in  tb«  North  hut  lrirr<-a.-*-  murh  in  thici-ness  and  purity  to  the  Sooth  and 
aoutb^fmi  ^Texa«  and  Mexico •.  Frequently  these  limestones  are  a  solid  mass 
of  fiMtiil  oyuter  hheJlh  or  of  h^-j'  roi;^]  or  -rraight  shelled  cephalopod  mol- 
|0»i'S  which  refienjble  Fnai!-.  Th^^s-  ar»^  -i.-ually  found  in  the  center  of  lar«»- 
round,  houlderllke  magjfes  which  we  call  concretions.     Because  of  w 


COLORADO  SCHOOL  OT  MINSS 


IS 


Mmr^nmB  Umm  eoneroUoiis  weather  more  slowly  than  the  ■ttrronndlng  thalee 
mnd  hence  form  little,  nearly  circular  mounds  and  pinnacles  called  '^epee 
Suites^  In  many  parts  of  the  foothills  region  of  Colorado.  In  many  districts 
€li€«e  fossils  weather  out  readily  from  the  shales  and  still  show  on  fresh  sur- 
faces  the  oriainal  luster  of  mother  of  pearL  Carloads  of  such  can  be  seen 
sUong  the  Cheyenne  and  White  RlTers  in  South  Dakota,  along  the  Powder 
RiTer  and  North  Platte  in  Wyoming,  along  Ralston  Creek  near  Qolden,  and 
nuuiy  other  localities  in  Colorado. 

The  following  Cretaceous  formations  have  excited  interest  as  possible 
oil  horisons: 

1.  Dakota  sandstone. 

2.  Sereral  sandstones  in  the  Benton. 
S.    Limestones  in  the  Niobrara. 

4.  Sereral  lenticular  sandstones  in  the  Pierre  shale. 

5.  Sereral  sandstones  near  the  top  of  the  Cretaceous 

(in  the  Laramie  anif  Mesaverde). 
These  will  be  discussed  briefly  in  ljs  order  giren. 


DAKOTA 
SANDSTONE 


This  is  one  of  the  most  uniform  and  widely  distrib- 
uted sandstones  in  western  North  America.  It  rep- 
resents the  basal  sandstone  of  the  Cretaceous,  that 
is,  the  first  sands  deposited  by  the  Cretaceous  sea 
wh^n  it  adrsnced  over  the  site  of  the  present  Great  Plains  and  the  Rockies, 
which  are  of  much  later  geologic  sge.  The  practical  oil  men  frequently  use 
the  term  Dakota  loosely  for  all  the  sandstones  at  the  base  of  the  Cretaceous 
shales.  Used  in  this  sense  it  includes  a  thin  shale  and  a  heavy  massive,  fre- 
quently highly  cemented  and  quartxitic  sandstone  of  Lower  Cretaceous  or 
Commsnchean  age.    This  usage  is  shown  in  the  following  table: 


I       Black  Hills 


I>akota 
Group 


Dakota  sandstone 
Puson  shale 
Dakota  sandstone 


Colorado  Springs 
Dakota  sandstone 
Purgatoire  sandstone 


Wyoming 
Cleverly 


Oklahoma 


Trinity 


On  the  whole,  the  Dakota  is  a  fairly  well  cemented  to  very  hard  sand- 
stone, especially  on  the  east  side  of  the  Rockies  of  Colorado.  The  porosity  Is, 
therefore,  not  very  large,  and  it  is,  hence,  a  reservoir  of  very  limited  capacity. 
Orrasionally  small,  well-rounded  pebbles  become  so  abundant  as  to  make  It 
a  conglomerate. 

Oil  seeps  occur  in  a  number  of  localities  along  the  foothills  of  the  entire 
Horky  Mountains,  from  Canada  into  Texas.  The  roost  extensive  seeps  known 
o<Yur  along  the  Athabasca  River  in  Canada.  Prominent  seeps  of  oil  occur  In 
a  nunil>er  of  localities  in  Montana,  Wyoming,  South  Dakota  along  the  Black 
HllU.  and  Nebraska.  Seeps  and  impregnations  with  residual  oil  are  known 
near  Morrison,  on  Ralston  Creek  near  Golden,  near  Pueblo,  and  near  Canon 
City.  These  neeps  In  every  case  carry  a  heavy  black  oil  or  an  inspissated 
aapbaltic  residue.  A  number  of  wells  have  been  drilled  through  the  Dakota. 
A  vmall  production  is  obtained  from  this  sand  near  Qreybull  in  the  Bighorn 
ftaiiin  of  Wyoming.  It  is  also  reported  that  a  well  good  for  about  eight  hun- 
«lred  barrels  has  been  brought  in  within  the  last  few  dajrs  on  the  Dakota  on 
Buck  Creek  near  Lusk,  Wyoming.  A  very  smsll  production  is  maintained 
from  the  Trinity  sand,  which  occupies  a  roughly  similar  stratigraphic  post* 
tion  at  Madill,  Oklahoma.  There  are  a  great  many  other  localities  where 
this  sandstone  has  l>een  drilled  In  structures  but  failed  to  yield  wells.  It  ta 
also  worth  noting  that  this  sandstone  is  the  one  from  which  the  majority  of 
the  artesian  wells  of  the  Great  Plains  region  derive  their  water.  The  total 
daily  production  of  oil  derived  from  this  sand  in  all  the  fields  of  North 
America  amounts  to  much  less  than  one  thousand  Iwrrels.  The  average  initial 
flow  of  producing  wells  has  been  between  five  and  ten  barrels. 

Id  paning  it  la  perliapa  w^  to  call  attention  to  the  fact  that  lo  Wyo> 
Bteg  the  Dakota  la  nn<torlaln  by  about  seven  hnadrsd  fsec  of  Jnraasle  strata 
af  flMrfaa  erlglB  which  are  fall  of  ftosall  remalna.    These  marine  strata  may 
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iv«ll  be  tbe  scNirM  of  tlie  oil  vtiidb  mltet  tarmMtkm  tiAitto  ■pwjud  tliroii^ 
Hm  more  or  loss  poitnis  Ifonisatt  fonttaliOB  iato  tte  Hilriita  where  it  is  re- 
tKteod  bocaaao  of  tbe  tt^dk  day  stales  of  the  Dftw  vkidi  orerfie  tibe 
Dnicodi  saB^s.  Tbe  maiiBe  Jsrassic  (tke  SsBdaaee)  is  dniiBioUi  nad- 
olMMts.  T%is  oecooBts  for  tbe  small  ^vaatities  off  ofl  la  tke  ITotaita,  ms  tbe 
Smlcr  profionioii  of  tbe  oil  was  piobablir  lost  at  the  tine  of  its  formation 
Is  tbe  imroiis  SnsdaBce.  In  tbe  liadOl  field  is  Olrlilwa,  tbe  TrisitT  rests 
wscHifemBably  on  tbe  tnnicatetd  edges  of  tbe  oH-boariss  Isf^axkms  of  Peui- 
sylssBlas  agc^     Tbe  oil  imodnoed  fism  tbe  Trisiiy  is  datred  br 


Is  Ccikmdo.  tbe  Dsl^oita  rests  on  a  tctt  ibick  series  of  ooBtaeatal 
fMitSK  tbe  MorHscni  and  tbe  Rod  Beds,  irbicb  is  pSsccs  attaia  a  combiiied 
tbMaoss  of  mor^  ibaa  tbme  tboosaaid  fees.  Ibese  beds  are  nesitF  an  saad- 
slMWiK  mad  caiTF  ao  c«r  tctt  te<«r  fossils,  sad  csirniit,  tberafore.  be  ooBsidered 
|veiha>i^  s)oaiT«£  of  eol  aad  fss.  Beaoir  tbe  Red  BeAs.  we  baiv  I^lesslc  lime- 
StasNtt  mblcb  maj  baiY  fu^teaUF  oosmdaed  oO  sad  gats.  Tbe  ^resxer  part 
off  tbis«  b^we^fln'.  sdosq  ba^e  beea  wasted  darias  ^e  depoBtaca  off  tbe 


Strormres  acY  l3H«wii  i^  exssi  3B  tbe  Dakota  aear 
DAKOTA  Piwdiki  ^  swotbessossx  Oiwrade.  aear  Sads.  ia 

i^  loraiBzxs  oa  ibe   s^MMii  dape.     Tbe 
bem  drxQofi  mi  atracacvs  is  ad!  of  '^ese  local- 
IQs»  ^r$:)i  d^sajt^cdaHas:  tk^iOxs. 

r    Tbe  I^^nca  ^  Ssir^  bsr£  aad  weS  eemeated  in 


^easK^KT  ^  OdHrmdr  ?bas  wn&lc  ^wrv^  as  wuu  <gs^  a!  iC  aac  ras  as  is  troe 
X     ^^^>frs£S  ii£  ^«mi«s  Kv<irr.  >«:  :diaar  ^rtsaaznaec  ^uw  w£L  cssidarted  into 

•^br  '5;'A.-io»  X'Mni'tjiii  "-^t^ai.  hi'«>f  ?t?^-T  l.:^::ail'  ibsuriTinin-mii:  >rr_r  fr*r*2:  the 
7«?«v^ii--:-ir<i.  TY^  yjss^  Jv»:^3  ^^it?  £x  ^it:  .-as**  n'  ■rv.-^^^TtnrjiTr'^  'Jiir?«  prr>ci.^«ing 
*f  4?5fvT::ir^   aj:^  ri^Ai^nr^im  ^*tvu    :>r  TW^nu    '•"n-in&rim    n    r^mirmnr  ilt*  very 


'^•^      /V  ^  r.      -  ->        •       ^ifc.'^i    -^Jiwrt*    1>«1B    »^!E:r   W 
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ThU  Is  moat  prominently  developed  in  the  region  from  Colorado  Springs 
•oath ward.  Here  it  Taries  from  four  to  twenty  feet  in  thickness.  Locally  it  is 
absent  and  represented  only  by  a  sandy  shale  tone.  The  sandstone  is  fairly 
uniform  in  grain,  bright  yellow  to  buff  in  color,  and  very  porous,  conse- 
quently is  ideally  suited  for  an  oil  and  gas  reservoir.  In  a  few  localities  it 
Is  overlain  by  a  thin,  strongly  bituminous  limestone.  This  sandstone  is  the 
only  member  of  the  Benton  group  east  of  the  Front  ranges  that  deserves 
careful  consideration  as  a  possible  oil  sand.  Samples  of  this  sandstone  col- 
lected near  Colorado  Springs,  and  west  and  also  south  of  Pueblo,  when  tested 
with  ether  gave  strong  reactions  for  oil  residues.  In  stratlgraphlc  position 
this  sandstone  is  roughly  equivalent  to  the  Wall  Creek  sandstone  which  fur- 
nishes the  major  part  of  the  production  in  Wyoming.  It  cannot  be  consid- 
ered to  be  as  favorable  as  the  Wall  Creek  from  the  geological  standpoint  for 
the  following  reasons: 

1.  The  Wall  Creek  sandstone  is  from  four  to  twenty  times  as  thick. 

2.  The  Benton  in  Wyoming  is  generally  much  thicker  and  more  bitumin- 
ooa  than  in  Colorado. 

3.  The  Wall  Creek  sandstone  is  much  more  persistent  and  more  widely 
distributed. 

4.  Folding  and  structural  disturbances  are  much  more  pronounced  in 
Wyoming,  while  in  Colorado  the  Benton,  with  the  exception  of  a  very  nar- 
row belt  paralleling  the  Front  range,  is  usually  nearly  horisontal. 

The  last  feature  is  one  especially  noteworthy,  because  in  our  western  oil 
fluids  we  find  that  decided  flexures  seem  to  be  necessary  in  order  to  cause 
concentration  of  oil  and  gas.  Very  broad  and  gentle  folds  such  as  character- 
ise the  Kansas  and  Oklahoma  fields  have  proved  unproductive  wherever 
drilled  in  the  Rockies. 

The  Benton  has  l)een  drilled  through  in  a  number  of  places  and.  In  sev- 
eral«  very  promising  shows  of  oil  have  been  developed  in  the  sandstone  men- 
tioned. There  are  a  number  of  structures  in  southeastern  Colorado  that 
affect  the  Carlile.  In  most  cases,  however,  the  Carlile  has  been  eroded  off 
the  top  and  the  older  underlying  formations  have  been  exposed.  Oil  seeps 
and  small  "shows"  in  wells  have  been  encountered  down  dip.  that  is.  on 
sidea  of  these  structures.  The  chances  of  getting  commercial  production  In 
these  cases  Is  very  slight.  There  is.  however,  good  reason  for  the  belief  that 
Cavorable  structures  with  the  Carlile  below  the  surface,  exist  in  this  part 
of  Colorado.  They  are  difficult  to  locate  because  of  the  overlying  rocks  which 
are  ao  readily  eroded  that  they  yield  few  outcropa  The  Benton  formation 
la  also  present  on  the  Western  Slope  and  in  the  San  Juan  region.  Here  It 
ooBslsts  essentially  of  dark  gray  to  black  shales  which  can  hardly  be  sep- 
arated from  the  overlying  Niobrara.  In  the  White  River  country  there  are 
a  few  very  thin  and  usually  rusty  weathering  sandstone  streaks  present  In 
the  Benton.  Usually  these  are  absent  and  the  shales  are  remarkably  uni- 
form.    Thin  bituminous  limestone  streaks  occur  rarely. 

The  only  probable  oil  reservoir  known  in  the  Benton 
SUMMARY  it  a  thin  sandstone  at  the  top  of  the  Carlile.    This 

must  be  considered  a  much  more  promising  horiaon 
than  the  Dakota.  This  sandstone  attains  a  maximum  of  about  twenty  feet 
la  thickness.  It  is  prominently  developed  in  southeastern  Colorado  from 
Colorado  Springs,  Pueblo  and  Trinidad  east,  about  to  the  Kansas  line. 
Within  this  territory  a  structure  which  carries  the  Carlile  at  sufficient  depth 
holda  out  good  chancea  of  obtaining  a  amall  production  of  high  grade  oil. 

Tte  Hiobrmra  Formation 

Resting  directly  upon  the  Benton  we  have,  east  of  the  Front  ranges,  a 
of  calcareous  shales  and  thin  llmeatonea  oaually  light  gray  In  color, 
are  Included  under  the  term  Niobrara.    Preqaently  both  tha  Benton 
»  Niobrara  are  Included  under  tha  term  Colorado  fdrmatlon.    OoQa> 
^mlnoiia  ahalo  or  aand  atraaka  occur.    The  Umeatonaa  oeenr  In  bada 
fast  In  thlcknaaa.  and  are  mora  abundant  In  tha  lower  part  to 
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irblch  tb«  nu 
'^'•>r«do  Sprl 
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Niobrara  I 
tuiislbis  on  : 
ibovB.    It  ia  I 

While  there  are  oil  and  gas  seepe  In  the  Niobrara,  and  while  bituminous 
llmMtones  are  cbancterlstlc,  the  Niobrara  ma;  be  considered  unfavorable 

a  possible  oil  producer  because  It  carries  no  rock  capable  of  acting  as 
r. 

T«  Shsla 

lerre  shaJe  comprises,  as  the  name  Implies,  a  thick  series  of  gray 
mj  to  almost  black  shales  which  carry  a  few  sandy  streaks,  occa- 
'ers  of  concretions,  and  a  few  Impure  limestone  lenses  near  the 
upper  part  weathers  Into  a  greenish  yellow  porous  and  tpongy  soil, 
le  Front  Range  the  thickness  varies  from  l.!00  to  well  above  3,500 
m  the  vicinity  of  Denver  northward  there  Is  a  well-defined  sandy 
I  1,000  to  1,700  feet  above  the  base.    This  conststs  of  a  series  of 
iticular  sandstones  rather  than  a  contlnaons  persistent  bed.    These 
lenses  are  usually  brownish  buff  where  weathered,  are  fairly  nnl- 
Snia  and  qnlte  triable.     The  name  Hygiene  sandstone  has  been 
I  snch  a  sandstone  near  Boulder,  and  the  term  Is  frequently  used 
e  lenticular  sandstones  at  about  this  general  boriion.    Such  sand- 
re  furnished  much  ot  the  production  of  the  old  Boulder  field  and 
onsldered  possible  fature  producers.    These  eandslones  are  roughly 
ae  horiion  as  the  Shannon  sandstone  of  Wyoming,  which  furnishes 
moat  ot  the  shallow  production  at  the  Big  Muddy  Field  and  at  Lost  Soldier. 
Wyoming.      The   chief   dlfflralty    In   Colorado   is   the   generally   unfavorable 
attitude  ot  the  Pierre  shale  which,  except  for  a  very  narrow  strip  In  the 
ftoothllls.  lies  usually  horlaontal  or  at  an  Incllnatioo  so  low  that  the  oil  Is 
not   conrtTlrsted.      Again,   tbe   shale   ovprlyins   the   sandstone   lenses   Is   so 
readily  eroded  as  to  leave  no  outcrops,  and  so  mask  more  or  less  completely 
any  stmctnres  that  mlpht  be  present 

On  the  Western  Slope  and  In  southwestern  Colorado  the  Pierre  Is  essen- 
tlally  shale  and  no  sandstone  capsMe  of  aciins  as  a  reservoir  is  known. 
Here,  all  the  fYetsceous  shale  are  usually  not  subdivided  but  included  under 
the  term  Manoos. 

Much  of  Ihe  production  of  the  old  Florence  oil  field  Is  obtained  from 
the  Pierre  shale.  This  has  been  fissured  to  some  eHent  and  the  fissures  have 
become  filled  with  oil.  This  accumulation  is  so  errarir  and  unusual  that  only 
an  accident  can  lead  to  the  discoverr  of  similar  cnnditions  elsewhere. 

The  HyfTiene  sandstones  of  the  Pierre  may  be  con- 
SUMMARY  sidered  posiiible  reservoirs  of  oil  and  gas.    They  are 

of  prominence  onlv  in  the  area  north  and  east  of 
Denver.  Here,  however,  the  sinicture  is  senerally  unfarorBhle,  and  no  targe 
production  need  be  expected,  unless  a  large,  well-defined  structure  can  be 
found,  which  is  unlikely, 

nie  Upper  Cretaceous  Sandstones 

The  Pierre  shale  is  folloveil  hv  s  thlfk  series  of  sandslones  alternating 
with  minor  layers  of  shalp.  Easi  nf  the  Front  Range  we  find  the  Foi  Hills 
sandstones,  a  fine-praineti  yeUow  sandsione  carrying  marine  fossils-  TTiis  is 
frequently  incliidPri  vjth  the  Pierre  ^hKle  iiniicr  the  term  Montana  group. 
South  ot  Pueblo,  thi?  Bfin'lKione  is  known  as  the  Trinidad  Tormation-  The 
Fox  Hills  varies-  frfm:  I,',''  lo  '"'">  feei  in  ihickTiPSS.  The  Laramie  formation 
rests  iipon  thp  Foj:  Hlllr-  It  crinsists  of  n  series  of  alternating  maaalve  gray 
sandstones,  shaly  sj.Hi)!'ir>ri"f  nnii  shales  with  interltedded  coal  beds.  Vir- 
tually ali  imponan;  .i-c-ni  t>ci!«.  of  Oolo-aiio  arp  in  the  Laramie.    The  tUckness 

In   Gunnisoii    ("■fi^mv    :ht    Pov   Hills   is   a   fine«r^it<  •dsMM 

about  3Cri  feel  ihKl.    rlie  l.;,-i.n.!f  i^  fil'out  E.OOO  le  li^ 
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more  sandstone  and  conglomerate  series  known  as  the  Ohio  and  Ruby  for- 
mations, totaling  about  2,800  feet.  Over  much  of  the  Western  Slope  and  in 
the  San  Juan  region,  thick  sandstone  series  appear,  about  equivalent  in  age 
to  the  top  of  the  Pierre  shale  east  of  the  Front  Range.  These  are  included 
under  the  term  Mesaverde.  They  vary  locally  from  1,000  to  4,000  feet.  They 
are  usually  an  alternation  of  yellow,  buff,  or  gray  sandstone  and  shale  which 
are  frequently  variegated  red  and  purplish,  and  which  are  characterized  by 
coal  seams  in  the  middle  portion.  The  Mesaverde  carries  gas  and  shows  of 
oil  In  many  widely  separated  localities. 

Locally  shale  beds  become  abundant  enough  to  seal  in  certain  sands, 
especially  those  near  the  top  of  the  Mesaverde.  Fair  shows  of  oil  up  to  a 
production  of  ten  barrels  per  day  has  been  obtained  from  these  sands  near 
DeBeque. 

Much  of  the  gas  encountered  in  the  Laramie  and  in 
SUMMARY  the  Mesaverde  is  derived  from  the  associated  coals, 

and  does  not,  therefore,  indicate  the  presence  of  oil. 
On  the  whole,  these  sandstones  are  unfavorable  to  oil  accumulation  because 
they  lack  the  necessary  impervious  enclosing  beds.  Any  oil  and  gas  contained 
in  them  is  not  concentrated  but  is  disseminated  through  the  entire  formation. 
The  chances  of  obtaining  commercial  production  are,  therefore,  slight,  and 
only  wells  of  small  capacity  and  probably  very  high  grade  oil  need  be 
expected. 

The  Tertiary  Formation 

Large  areas  of  the  northeastern  part  of  the  state  are  covered  by  Tertiary 
formations.  These  are  chiefly  unconsolidated  or  loosely  cemented  sandstones 
and  shales.  In  Logan,  Washington,  Yuma,  Sedgwick  and  Phillips  counties, 
they  are  present  and  cover  the  underlying  Cretaceous  so  as  to  mask  any 
structure  and  make  improbable  any  discovery  of  oil  pools  except  through 
pure  accident  In  the  vicinity  of  Denver  we  have  similarly  the  so-called 
Arapahoe  and  Denver  formations,  south  near  Castle  Rock  and  Colorado 
Springs,  the  Dawson,  and  from  Pueblo  south  to  the  New  Mexico  line,  the 
Nuasbaum.  All  of  these  are  loosely  cemented  sandstones  and  conglomerates 
equally  unfavorable  to  oil  and  gas.  In  the  San  Juan  region,  the  Tertiary 
oonBlsts  chiefly  of  a  thick  series  of  volcanic  flows,  tuff  and  breccias  often 
resting  directly  on  the  Mancos  or  underlying  rocks.  These  offer  no  chance 
of  finding  oil  and  gas.  Farther  north  on  the  Western  Slope  we  find  locally 
the  Fort  Union,  Wasatch,  and  the  Green  River  formations.  The  first  two 
carry  coal  seams.  The  Green  River  carries  the  important  oil  shale  beds. 
The  Wasatch  is  the  more  important  from  the  oil  standpoint.  Oil  shows  and 
aas  seeps  often  furnishing  enough  gas  for  domestic  purposes  for  a  ranch  or 
two  are  known  along  the  White  River  near  Meeker,  on  Turkey  Creek,  and 
Beaver  Creek,  near  DeBeque,  at  Rangeley  and  elsewhere.  The  Wasaich 
consists  of  an  alternation  of  sandstones,  shaly  sandstones  and  sandy  shales. 
The  shales  are  more  abundant  and  more  argillaceous  in  the  upper  portion  and 
appear  to  be  sufficient  to  form  a  seal  on  the  underlying  sands.  A  good  struc- 
ture In  the  upper  part  of  the  Wasatch  should,  therefore,  be  considered  prom- 
ising as  a  possible  producer.     Small  wells  only  need  be  expected. 

The  Green  River  formation  is  a  series  of  shales  much  of  which  is  so 
carbonaceous  as  to  afford  possibilities  of  commercial  treatment  for  the  ex- 
traction of  oil.  Many  shale  beds  are  capable  of  yielding  from  fifty  to  eighty 
gi^llons  per  ton.  The  oil  is  not  present  as  such,  but  rather  as  partially 
altered  oceanic  remains  which,  upon  destructive  distillation,  are  broken  up 
into  oil.  The  chances  of  finding  commercial  oil  pools  in  this  shale  are  very 
slight  Locally  oil  seeps  occur  and  near  Dragon,  Utah,  a  very  small  produc- 
tion la  obtained  from  tunnels  driven  into  the  shale. 

The  Wasatch  is  the  most  promising  of  the  Tertiary 
miARY  formations   for   the   occurrence   of  oil    pools.     The 

widespread  occurrence  of  oil  seeps  and  the  strong 

WBi  oonpled  with  the  results  of  past  drilling,  all  seem  to  indicate  that 

••Nature  would  be  likely  to  yield  commercial  wells  of  small  capacity. 

Tormations  mentioned*  it  ranks  next  to  the  Benton  and  Hygiene 

e  producer. 


18  QUARTERLY  OF  THE 

The  Carboniferous 

By  far  the  greater  part  of  the  oil  production  of  Kansas,  Oklahoma,  Illi- 
nois, and  the  north  of  Texas  is  derived  from  the  rocks  of  Carboniferous  age. 
There  is  also  a  small  production  of  heavy  black  oil  from  the  Carboniferous 
of  Wyoming  at  Thermopolis  and  in  the  Lander  oil  fields.  It  is  natural,  there- 
fore, that  the  Carboniferous  formations  of  Colorado  should  attract  attention. 
Much  interest  has  been  aroused  in  the  sbutheastem  part  of  the  state  which 
undoubtedly  deserves  careful  investigation.  In  this  part  of  the  state,  also, 
the  Cretaceous  formations  are  the  most  promising.  The  Carboniferous,  how- 
ever, have  attracted  the  most  attention,  and  the  nearness  to  the  Oklahoma 
line  is  frequently  cited  as  a  proof  of  the  likelihood  and  even  the  certainty 
of  the  existence  of  oil  pools.  As  a  matter  of  fact,  northwestern  Oklahoma 
does  not  contain  any  important  oil  and  gas  fields.  A  number  of  wells  have 
been  drilled  there  without  success.  We  may  safely  conclude  that  the  chances 
of  getting  commercial  production  in  the  Carboniferous  in  southeastern  Colo- 
rado are  no  better  than  in  northwestern  Oklahoma.  An  additional  element 
of  uncertainty  is  the  lack  of  knowledge  of  the  character  of  the  Carboniferous 
rocks.  The  possible  oil-bearing  horizons  are  not  exposed  nearer  than  the 
foothills  of  the  Front  Range  to  the  west  and  the  central  part  of  Oklahoma 
to  the  east.  There  has  been  a  great  change  in  the  lithological  character  of 
these  formations  between  these  two  points.  The  marine  series  of  shales  and 
sandstones  at  the  top  of  the  Carboniferous  in  Oklahoma  and  Kansas  have 
given  place  to  the  series  of  "Red  Beds"  of  Colorado  deposited  under  conditions 
of  aridity  and,  therefore,  distinctly  unfavorable  to  oil.  The  lower  part  of 
the  Carboniferous  in  both  localities  consists  essentially  of  marine  lime- 
stones. No  production  of  any  consequence  has  been  encountered  in  these. 
The  existence  of  oil  reservoirs  in  the  Carboniferous  in  southeastern  Colorado 
is,  therefore,  problematical.  Any  attempt  to  drill  to  this  horizon  should  only 
be  undertaken  by  those  abundantly  able  to  bear  the  financial  burden,  with  the 
full  knowledge  that  the  chances  for  success  are  less  promising  than  could  be 
desired,  and  probably  not  commensurate  with  the  risks  involved,  because 
of  great  depth  of  drilling  and  the  excessive  cost 

The  Carboniferous  is  also  attracting  interest  at  present  in  the  vicinity  of 
Pueblo,  where  several  wells  are  being  drilled  to  a  depth  of  about  three  thou- 
sand five  hundred  feet.  Several  are  located  on  well-defined  structures,  and 
should  result  in  a  thorough  test  of  this  formation,  although  the  writer 
believes  that  here  also  the  chances  for  success  are  slight,  because  of  forma- 
tional  characteristics. 

CONCLUSION 

Colorado  lacks  persistent  sands  capable  of  acting 
NATURE  OF  as  reservoirs.     Those  present  are  either  very  thin 

RESERVOIR  SANDS      or  very  much  restricted  laterally.     The  most  prom- 
ising sands  for  oil  production  are  in  order: 

1.  Sandstone  at  the  top  of  the  Carlile. 

2.  Hygiene,  sands  in  the  Pierre. 

3.  Sands  in  the  Wasatch. 

4.  Carboniferous. 

Actual  production  or  very  promising  shows  are  or  have  been  obtained 
from  the  Pierre  at  Florence,  near  Boulder,  and  near  Rangeley;  from  the 
Wasatch  near  DeBeque  and  White  River;  from  the  Mesaverde  near  DeBeque; 
and  from  the  Carlile  near  Eads. 

The  structure  of  the  most  important  potential  oil 
STRUCTURES  IN  proilucer — the  Cretaceous  rocks — is  relatively  simple 

THE  STATE  in  the  localities  where  suitable  sands  are  present, 

as  southeastern  Colorado,  east  of  Pueblo,  or  north- 
em  Colorado  from  Denver  north  to  the  Wyoming  line.  Consequently,  the 
possibilities  of  structural  arrangement  favorable  to  oil  accumulation  are 
small. 

While  there  are  a   number  of  large  and  well-defined  *rk  th« 

state,  it  is  unfortunately  true  that  the  more  promising 
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taewNM  are  eroded  off  the  surtece,  or  are  abeent,  or  are  to  deeply  barled 
as  Co  be  oal  of  reaeh  of  the  drill.  Large  fields  need,  therefore,  not  be  expected 
la  Colofado.  The  chances  are  briaht  of  flndina  a  few  widalj  scattered  fields 
with  wells  of  small  capacity.  3ielding  a  high-grade  oiL 


This  list  includes  a  few  of  th4  more  important  publications  on  the 
snhject  to  which  the  reader  is  referred  for  detailed  information. 

0«Mrml  TrMtisat 

Siegler:     Popular  Oil  Goology. 

Johnson  and  Huntley:     Oil  and  Oas  Production. 

Thompson:     Oil  Field  Development. 

l^pMfad  ArtklM 

Zlegler:  The  Movements  of  Oil  and  Gas  Through  Rocks;  Economic 
Geology.  toI.  XIII.  pp.  335-348,  1918. 

Washburn:  The  Capillary  Concentration  of  Oas  and  Oil;  Transactions 
American  Institute  Mining  Engineers,  vol.  50,  pp.  829-842,  1914. 

Munn:  The  Anticlinal  and  the  Hydraulic  Theories  of  Oil  tfnd  Gas  Accu- 
mulation; Economic  Geology,  vol.  4,  pp.  509-529.  1909. 

Campbell:  Historical  Review  of  Theories  Advanced  by  American  Geolo- 
gists to  Account  for  the  Origin  and  Accumulation  of  Oil;  Economic 
Geology,  vol.  6,  pp.  363-395,  1911. 

Btfkmal  Seporti 

United  States  Geological  Survey:  Geologic  Folios  No.  9  (Anthracite- 
Crested  Butte),  No.  36  (Pueblo).  No.  48  (Ten  Mile).  No.  57  ^Tel- 
luride).  No.  58  (Elmoro).  Na  60  (La  Plata).  No.  68  (Walsenburg). 
No.  71  (Spanish  Peaks),  No.  120  (Silverton),  No.  130  (Rico),  No.  135 
(Nepesu),  No.  186  (Apishapa).  No.  198  (Castle  Rock),  No.  203 
(Colorado  Springs). 

United  SUtes  Geological  Survey:  Bulletins  No.  265  (Boulder).  No.  260 
(pp.  436-400.  Florence),  No.  381  (pp.  518-544.  Florence).  No.  531-C 
(DeBeque).  No.  350  (Rangeley). 

United  States  Geological  Survey:  Professional  Papers  No.  52  (Arkansas 
Valley). 

United  States  Geological  Survey:     Monograph  No.  26   (Denver  Basin). 

Ofl  Shalai 

Alderson:  The  Oil  Shale  Industry;  Colorado  School  of  Mines  Quarterly. 
ApHl.  1918. 
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Janaary  4.  Saturday Chriatmaa  Raeaas  ands 

January  18,  Saturday First  Samattar  anda 

January  SO,  Monday Saoond  Samaalar  baglna 

February  12,  Wadnasday Lincoln'a  Blrthda/  (a  holiday) 

February  22,  Saturday j  WaaJInoton'a  Birthday   (a  hall- 

iff.w  9^  v^Amw  S  8aeond  8amaatar  anda 

May  w.  moay j  Commancamant  Exarclaaa 

May  26,  Monday Summar  Fiald  Work  baglna 

July  5,  Saturday Summar  Fiald  Work  anda 

July  14.  Monday Summar  School  baglna 

August  22,  Saturday Summar  School  anda 

Saptambar  1,  Monday J  Ra«i«tr«ti«n 

Saptambar  2,  Tueaday C  Ragfatration 


saptambar  2,  Wadnaaday j  Opy^'j*  tJ^'Jo'T.i'^Xv^ 

} 
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NoTambar  28,  FHday \  Thankagiving  Racaaa 

NoTambar  29,  Saturday 

Dacamber  22,  Monday Chriatmaa  Racaaa  baglna 
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January  2,  Saturday Chriatmaa  Racaaa  anda 

January  17,  Saturday Firat  Samaatar  anda 

January  19.  Monday Sacond  Samaatar  bagins 
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FRANK  G.  WILLIS,  B.  M.,  Cripple  Creek,  Colo. 
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Term  expires  1921 

JAMES  T.  SMITH,  Denver,  Colo. 
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Term  expires  1921 

ORVIL  R.  WHITAKER,  E.  M.,  Denver,  Colo. 
Term  expires  1919 

A.  E.  CARLTON,  Colorado  Springs,  Colo. 
Term  expires  1919 

HARRY  M.RUBBT,  Golden,  Colo. 
Treasurer 

Term  expires  1919 

The  regular  meetings  of  the  Board  of  Trustees  are  held  in 
Golden  at  the  School  of  Mines  on  the  second  Thursday  of  each 
month. 

HONORARY  DEGREES 


The  honorary  degree  of  E.M.  (Engineer  of  Mines)  has  been 
conferred  as  follows: 

CAPTAIN  E.  L.  BERTHOUD,  1890 
Golden,  Colo. 
Deceased. 

GENERAL  IRVING  HALE,  1895 
Denver,  Colo. 

A.  A.  BLOW,  1897 

Ware  Neck,  Va. 
Deceased. 

FRANK  BULKLEY,  1898 
Denver,  Colo. 

JOHN  HAYS  HAMMOND,  1909 
New  York,  N.  Y. 
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New  York,  N.  Y. 
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President 
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ington University) 
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Professor  Ehnerltus  of  Mathematics 
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(On  leave  of  absence,  1918-19) 
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Professor  of  Mining 
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ciency Engineering; 
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Professor  of  Physics 
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VICTOR  ZIEGLER.  A.  M..  (Columbia  University) 
Professor  of  Geology  and  Mineralogy 

HARRT    MUNSON    SHOWMAN,    E.    M..    (Colorado    School    of 
Mines) 

Professor  of  Mechanics  and  Civil  Engineering 
(On  leave  of  absence,  1918-19) 

IRVING  ALLSTON  PALMER.  B.  S..  M.  S..  (Lafayette  College) 
Professor  of  Metallurgy 

MELVILLE  FULLER  COOLBAUGH.  B.  S..  (Colorado  CoUege); 
A.  M.,  (Columbia  University) 
Professor  of  Chemistry 
(On  leave  of  absence,  1918-19) 

JAMBS  LTMAN  MORSE.  B.  S.  in  M.  E..  (Michigan  AgHcultural 
College);  B.  S..  M.  B^  (Highland  Park  College) 
Professor  of  Mechanical  Engineering 
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Professor  of  Mathematics 
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JOSEPH  TCIU-IAM  GRAY.  B.  S.  In  K  E.,  (Purdue  Universfty) 

Aaslatant  Professor  of  Electrical  Engineering 
CHARI^ES  LESLIE  FAIRBANKS  PAULL.  Ph.  B..  H.  A..  (Brown 

University) 

Assistant  Professor  of  Modem  Languages 
JOHN  CHARLES  WILLIAMS,  E.  H.,  (Colorado  School  of  Mines) 

Assistant   Director   of   the   Experimental   Ore   Dressing 

and  Metallurgical  Plant 


SAMUEL  ZETTER  KRUMM.  E.  M.   (Colorado  School  of  Minea) 

Instructor  in  Mining  and  Metallurgy 
HENRY    GEORGE    SCHNEIDER,    E.    M,    (Colorado    School    of 

Mlnea) 

Instructor  In  Geology  ancl  Mineralogy 
HARRY  MOPFAT  CRONIN.  E.  M.  (Colorado  School  of  Mines) 

Chemist,  Experimental  Ore  Dreasine  and  Metallurgical 

Plant  

THOMAS  COURTLAND  DOOLITTLE, 

Registrar  and  Business  Manager 
PEARL  GARRISON,  M.  Dl..  (Iowa  State  Normal  School) 

Lllirarlan 


THB  COLORADO  SCHOOL  OF  MINB8  11 


SPECIAL  LECTURERS 


FRANK  B.  SHEPARO,  Denrer,  Colo. 

Prettdent  Denrer  B«iigineerliig  Works  Company 

Th«  Development  of  Modem  Mill  8yeteme 
Recent  Advances  in  Coarse  Cniehlng 

WALTER  O.  SWART,  Dolutb.  Minn. 
Mining  Engineer 

Recent  Developments  In  Dry  Milling 
Modem  Praetice  in  Zinc  Metallurgy 
Electrostatic  Ore  Separation 

THOMAS  B.  CROWE,  Victor,  Colo. 
Snperintendent  New  Portland  Mill 

The  Metallurgy  of  Cripple  Creek  Ores 

JOHN  A.  TRAYLOR,  New  York.  N.  Y. 

President  Traylor  Engineering  Works  Co. 

Jigs 

U  S.  pierce;  Denver,  Colo. 

The  Pierce  Amalgamator 

W.  H.  TRA8K,  Jr.,  Denver,  Colo. 
Central  Colorado  Power  Co. 

Hoisting 

JOHN  L.  MALM,  Denver.  Colo. 
Metallurgical  Engineer 

.  The  Future  of  Chemical  Engineering 

JAMBS  M.  MeCLAVE,  Denver,  Colo. 
Metallurgist 

Ore  Concentration 

PHIUP  ARGALU  Denver,  Colo. 
Consulting  Metallurgist 

Ths  Flotation  Process 

WAYNE  C.  WnjJAMS,  Denver,  Colo. 
State  Industrial  Commission 

Ths  Colorado  Workman's  Compenalon  Act 

NEWCOMB  CLEVELAND,  Denver,  Colo. 
Ocean  Accident  and  Guarantee  Co. 

The  insurance  Angle  of  Our  Workmen's  Compensation 
Act 

H.  S.  SHELDON.  Denver,  Colo. 

Vindicator  ConsoUdated  Gold  Mining  Co. 

Gold  Mining  Campa  in  Colorado 
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FAMES  H.  PLATT.  Toluca.  Mexico 
Hining  BngUieer 

Mining  Condition*  in  Mexico 

>R.  HENRY  M.  PAYNE,  New  York,  N.  Y. 

Conaultiag  En^neer,  Goldflelds  Con boII dated  Co. 
Aiaal<a  Goid  Placers 
Siberian  Gold  Ptaeera 

^TIED  CARROLL,  Denver.  Colo. 
State  CommiBaloner  ot  Mines 
Oil  Flotation  of  Orea 
The  Technical  Man  in  the  National  Organization 

M.  J.  SHIELDS,  M.  D.,  Washington,  D.  C. 
American  Red  Cross  Society 

Firtt  Aid  to  the  injured 
JOHN  W,  AMESSE,  M.  D.,  Denver,  Colo. 

DIaeaaea  of  Warm  Climatea 
CHAUNCE^r  B.  TENNANT,  M.  D..  Denver,  Colo. 

FIrat  Aid  to  the  Injured 

DR.  A.  J.  LANZA.  Washington.  D.  C. 

United  States  Bureau  of  Mines 

Miner's  Consumption 

R.  M.  SHUMWAY,  Denver,  Colo. 
Rocky  Mountain  Fuel  Co. 

Coal   Deposits  and   Coal   Mining   In   Colorado 
CAPTAIN  GODFREY  L.  GARDEN,  U.  S.  A. 

Service  In  tiie  U.  S.  Coast  Guard 
REV.  CHAS.  L.  MEAD.  Denver.  Colo. 

The  Y.  M.  C.  A,  Woric  in  France 

BENEDICT  SHUBART,  Denver,  Colo. 
Llndrooth,  Shubart  &  Co. 
Coal  Cutting   Machinery 

RICHARD  A.  PARKER,  Denver,  Colo. 

Suggestions  to  Young  Mining  Engineers 

A.  J.  R.  CURTIS,  ChiiafiO.  III. 
Portland  Cement  Association 
Concrete  Ships 
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LOCATION  AND  DESCRIPTION,  HISTORY, 
ORGANIZATION,  AND  FINANCIAL 

SUPPORT 


LOCATION  AND       The    Colorado    School    of    Mines    is    in    the 
DESCRIPTION  south   central   part  of  the  City  of  Golden, 

Jefferson  County,  Colorado.  It  occupies  a 
plat  of  approximately  twenty-three  acres,  picturesquely  situated 
about  200  feet  above  the  bed  of  Clear  Creek,  at  the  base  of  the 
scenic  front  range  which  lies  about  fifty  miles  to  the  east  of 
the  main  range  of  the  Rocky  Mountains.  Farther  east,  about 
thirteen  miles,  lies  the  city  of  Denver  which  can  be  reached  by 
three  railway  lines:  the  Denver  and  Intermountain  Railroad. 
Arapahoe  Street  Station;  the  Denver  and  Northwestern  Railway, 
Arapahoe  Street  Station,  or  Union  Depot;  or  the  Colorado  ft 
Southern  Railway,  Union  Depot. 

Golden  has  about  three  thousand  inhabitants  and  is  one 
of  the  oldest  cities  in  Colorado.  The  altitude  is  five  thousand 
seven  hundred  feet  above  sea  level,  or  about  four  hundred  fifty 
feet  above  Denver.  The  climate  is  invigorating  and  bracing, 
with  open  winters  and  a  large  proportion  of  clear  days. 

The  Colorado  School  of  Mines  is  particularly  fortunate  in 
Its  natural  surroundings  and  proximity  to  a  rich,  practical 
laboratory.  The  state  of  Colorado  is  famous  for  its  basic  indus- 
tries, the  mining  of  gold,  silver,  and  the  baser  metals,  all  of 
which,  together  with  their  allied  branches  of  industry,  are 
highly  developed  within  a  relatively  small  area,  of  which 
every  part  is  easily  accessible  from  Golden.  In  addition,  the 
vanadium,  tungsten,  uranium,  and  radium  fields  are  better 
represented  here  than  in  any  other  part  of  the  world.  In  view 
of  its  great  number  and  variety  of  mining  and  metallurgical 
enterprises,  the  state  offers  unexcelled  opportunities  for  practi- 
cal study. 

The  school  is  fortunately  situated  for  the  geologist.  The 
surrounding  formations  not  only  present  the  strikingly  clear 
features  so  characteristic  of  the  west,  but  also  occur  in  great 
|Nt>fnsion  and  variety.  In  addition,  certain  features  peculiar  to 
this  locality  afford  sufllciently  complicated  problems  to  be  of 
great  value  to  the  student  of  geology.  It  Is  possible,  therefore, 
without  going  more  than  a  mile  or  two  from  the  school,  to 
lUiistrate    eflTectlvely    most    geological    problems    so    that    field 
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seologj  can  be  carried  on  at'  the  same  time  vlth  claaB 
Instrnctlon. 

In  the  Immediate  vicinity  of  Golden  are  numerous  clay 
mines  whlcb  produce  pottery  clay  and  flre  clay;  also  Itme  and 
stone  Quarries.  Wltbln  a  few  miles  are  extensive  coal  mines 
well  equipped  with  hoisting  and  power  machinery;  and  the  sites 
of  dredging  and  placer  operations. 

In  Clear  Greek  Canon,  a  short  distance  west  ot  Oolden,  are 
the  historic  mining  Camps  of  Central  City,- Black  Hawk,  Idaho 
Springs,  and  Qeorgetowo,  where  placer  drift  mining  la  carried 
on  In  the  old  river  beds,  and  a  great  variety  of  lode  mines  and 
mining  plants  are  In  operation.  The  ores  of  this  district  vary 
from  free-milling  gold  quartz  to  complex  ellver-lead-zinc  ores. 

Farther  west  Is  the  camp  of  Breckenridge,  where  placer 
mining  Is  carried  on,  and  the  mining  camps  of  Montezuma, 
Kokomo,  and  Robinson.  To  the  southwest  Is  the  famous  Lead- 
vlUe  district,  well  known  for  Its  rich  lead  and  zinc  ores.  West 
ot  LeadvUle  Is  the  once  renowned  silver  mining  camp  ot  Aspen, 
and  to  the  north  of  Leadville  are  the  lead-zinc  camps  ot  Redclitf 
and  Oilman. 

At  the  Globe  plant  ot  the  American  Smelting  and  Refining 
Company  In  Denver  the  treatment  of  lead  ores  and  dry  ores  of 
gold  and  silver  1b  Illustrated.  Here,  also,  the  many  mining  and 
metallarglcal  machinery  plants  afford  an  excellent  opportunity 
for  the  study  of  recent  Improvements  in  metallurgical  design. 

West  ot  Colorado  Springs  are  located  the  Portland,  the 
Standard,  and  the  Golden  Cycle  Mills,  which  treat  ore  from  the 
Cripple  Creek  district.  Farther  west  are  the  prominent  camps 
of  Victor  and  Cripple  Creek,  in  which  are  located  some  ot  the 
famous  gold  mines  ot  the  world.  Near  Victor  are  the  well 
known  Independence,  the  Portland,  and  the  AJax  Mills,  where 
low-grade  Cripple  Creek  ores  are  successfully  treated. 

The  plant  of  the  Colorado  Fuel  and  Iron  Company,  at  Pueblo. 
possesses  many  approved  devices  for  the  production  of  Iron  and 
steel  and  for  the  working  of  these  products  into  marketable 
forms.  At  Pueblo  are  located  the  Pueblo  lead  smeltery  and  the 
zinc  smeltery  of  the  United  States  Zinc  Company.  At  Canon 
City  is  the  plant  of  the  Empire  ZIdc  Company.  The  Ohio  and 
Colorado  smeltery  Is  located  at  Saliila,  and  the  .Arkansas  Valley 
smeltery  at  Leadville. 

In  the  southwestern  part  of  Colorado  is  the  famous  San  Juan 
mining  district,  which  includes  the  well  known  camps  of  Ouray, 
Telluride,  Silverton,  and  I^ke  City,  where  many  great  mines 
are  located  and  some  ot  the  most  efflcieni  milling  plants  in  the 
world  are  'o  be  found. 

Goal  mining  is  well  roiircsented  In  Colorado  by  the  bitumi- 
nous  mines  of  the   niHIbciii   i-'inl   flelds,   ilie  anthracite  fields  of 
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01«nwood  Springs,  the  coal  fields  of  Trinidad,  and  numerous 
smaller  fields.  Oil  fields  are  being  developed  and  operated  at 
Florence  and  at  Boulder. 

Many  prominent  mining  camps  in  neighboring  states  are 
easily  reached  from  Golden.  Among  these  are  the  great  copper 
districts  of  Montana,  Utah,  and  Arizona,  where  the  latest  min- 
ing, milling,  and  smelting  operations  are  in  progress:  the  iron 
mines  of  Wyoming;  and  the  gold  mining  camps  of  South  Dakota. 

No  other  mining  school  In  the  world  has  within  easy  access 
such  a  wide  variety  of  mining  properties,  or  such  excellent  oppor* 
tunlties  for  observing  the  latest  "and  beat  milling  and  smelting 
operations. 

HISTORY  The  Colorado  School  of  Mines  was  established  by  an 
act  of  the  Territorial  Legislature,  approred  Febru- 
ary 9.  1974.  Since  that  time  the  School  has  enjoyed  a  strong 
and  steady  growth  in  buildings,  in  equipment,  in  students,  in  fac- 
ulty, and  in  the  strength  and  rigor  of  its  courses.  Additions  were 
made  to  the  original  buildings  in  1880.  by  the  building  of  1882.  and 
by  the  building  of  1890.  all  of  which  are  now  united  and  called  the 
Hall  of  Chemistry.  The  Hall  of  Physics  was  erected  in  1894, 
the  Assay  Laboratory  in  1900,  and  Stratton  Hall  in  1904.  The 
Heating,  Lighting,  and  Power  Plant  was  completed  in  1906.  The 
Administration  Building,  named  Simon  Guggenheim  Hall  for  the 
donor,  was  also  erected  in  1906.  The  Gymnasium  was  completed 
in  1908.  The  Experimental  Ore  Dressing  and  Metallurgical  Build- 
ing was  completed  in  1912. 

ORGANIZATION      The  general  management  of  the  School  is 

vested  by  statute  in  a  Board  of  Trustees, 
which  consists  of  five  members  appointed  by  the  Governor  of 
the  state,  with  the  advice  and  consent  of  the  Senate.  The  mem- 
l>ers  of  the  Board  of  Trustees  are  appointed  in  alternating  sets 
of  two  and  three,  and  hold  their  ofllce  for  a  period  of  four  years 
and  until  their  successors  are  appointed  and  qualified.  The  Con- 
stitution of  Colorado  recognises  the  School  of  Mines  as  an  Insti- 
tution of  the  State. 

FINANCIAL  The  Colorado  School  of  Mines  Is  supported  by 
SUPPORT         the  income  derived  from  an  annual  mill  tax  of 

the   sute.     This   is   known   as   the   ''School   of 
Mines  Tsx." 


(T"" 
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BUILDINGS 


SIMON  GUGGENHEIM  HALL    This  building,  the  gift  of  Senator 
— Administration  Building  Simon  Guggenheim,  was  erected 

and  furnished  at  a  cost  of  $80,000. 
The  corner-stone  was  laid  by  the  A.  P.  and  A.  M.  of  Colorado, 
October  3,  1905.  It  is  164  -feet  long  by  57  feet  wide  and 
is  surmounted  by  an  ornate  tower.  The  first  floor  is  devoted 
entirely  to  the  department  of  geology  and  mineralogy,  and 
includes  lecture  room,  laboratory,  offices,  two  work  rooms,  and  a 
public  museum;  the  second  floor  contains  the  library,  the  offices 
of  the  President  and  Registrar,  the  Faculty  and  Trustees'  room; 
the  third  floor  contains  the  Assembly  Hall,  two  lecture  rooms  for 
mathematics,  an  office,  and  the  Tau  Beta  Pi  room.  The  building 
was  dedicated  October  17,  1906. 

HALL  OF  CHEMISTRY       This  is  a  continuous  group  of  brick 

buildings  which  comprise  the  build- 
ings of  1880,  1882,  and  1890.  The  combined  buildings  of  1880 
and  1882  contain  the  main  chemical  laboratories.  In  the  build- 
ing of  1890  are  the  office  and  laboratory  of  the  professor  of  chem- 
istry, the  chemical  lecture  room,  the  chemical  store  room,  the 
physics  laboratory,  three  recitation  rooms,  the  laboratories  for 
gas,  fuel  and  spectroscopic  analysis,  the  freshman  and  sophomore 
drawing  room,  and  the  safety  efficiency  laboratories. 

ASSAY  BUILDING       This  building,  forty-six  by  ninety-two  feet, 

was  built  in  1900  with  funds  contributed 
by  the  late  W.  S.  Stratton,  and  enlarged  in  1905.  The  design 
and  equipment  of  this  building  make  it  one  of  the  best  of  its  kind 
in  the  country. 

GYMNASIUM       This  building,  costing  $65,000.  was  completed  in 

September,  1908.  The  first  floor  contains  a  large 
swimming  pool,  shower  bath,  and  locker  room,  finished  in  white 
marble  and  tiling.  Th6  second  floor  contains  the  offices  of  the 
athletic  director,  athletic  board  and  secretary  of  the  Y.  M.  C.  A.; 
the  Theta  Tau  room  and  the  Integral  Club  room.  The  entire 
third  floor  is  occupied  by  the  gymnasium  room  proper.  This  con- 
tains fifty-two  hundred  square  feet  of  clear  floor  space  and  a 
balcony  which  provides  accommodations  for  two  hundred  spec- 
tators. 
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HEATING,  LIQHTINQ,  The  power  plant,  erected  at  a  cost  of 
AND  POWER  HOUSE      $40,000.    Is    designed    to    furnish    light. 

heat,  and  power  to  the  entire  school. 
It  is  a  simple  but  artistic  brick  building,  eighty-three  by  one  hun- 
dred twenty-two  feet,  with  concrete  floors  and  tile  roof.  The 
building  is  divided  lengthwise  into  an  engine  room  thirty-four 
feet  wide,  and  a  boiler  room  forty-five  feet  wide.  A  brick-lined 
steel  stack  one  hundred  twenty-five  feet  high  carries  all  smoke 
to  the  upper  air  and  away  from  the  buildings. 

8TRATTON  HALL      The  corner-«tf)ne  of  this  building  was  laid 

by  the  A.  P.  and  A.  M.  of  Colorado,  on 
November  20.  1902.  and  the  building  was  completed  in  January. 
1904.  The  first  floor  contains  two  large  lecture  rooms,  each  with 
apparatus  room  and  private  ofllce.  One-half  of  the  second  floor 
accommodates  the  surveying  and  mechanics  in  one  large  lecture 
room,  with  apparatus  room  and  private  oflSce.  and  the  other  half 
contains  a  class  room.  The  third  floor  is  devoted  entirely  to  a 
large  drafting  room  for  the  Junior  and  senior  classes.  The  struc- 
ture was  named  in  honor  of  the  late  W.  S.  Stratton.  who  contrib. 
uted  $25,000  toward  its  cost 

THE  EXPERIMENTAL  This  building.  100  by  150  feet,  erected 
ORE  DRESSING  AND  In  1912.  was  made  possible  by  an  ap- 
METALLURGICAL  propriation  of  $100,000  by  the  legisla- 

BUILDING  ture   of  Colorado.     It    is   situated    a 

short  distance  from  the  campus,  on 
the  bank  of  Clear  Creek.  It  Is  intended  to  be  not  only  a  labor- 
atory for  the  use  of  the  students  in  ore  dressing  and  metal- 
lurgy, bat  also  a  testing  plant  for  the  benefit  of  the  mining 
industry.  It  is  the  largest  and  most  complete  plant  of  its  kind 
in  the  United  States. 

RESIDENCE  OF  This  is  a  brick  building  of  two  and  one- 

THE  PRESIDENT       half  stories.     It  was  built  in  18$S. 

CARPENTER  SHOP  This  is  well  equipped  for  the  special  de- 
mands which  are  continual&a^  arising  in 
a  technical  school.  The  work  varies  from  ordinary  repair  work 
to  the  careful  construction  of  special  apparatus  needed  in  the 
vmrious  laboratories. 

MACHINE  SHOP      This  contains  the  necessary  machinery  for 

the  maintenance  and  repair  of  equipment. 
and  also  for  the  construction  of  such  apparatus  as  is  required 
for  carrying  on  any  new  or  original  work. 
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BORATORIES  AND  EQUIPMENT 


I      The  experimental  plant  la  situated  oa  tbe  bank 
of  Clear  Creek,  a  few  blocks  from  tbe  campua 
il.     Tbe   buUdlDK   is   nlnetf-elgbt   by   one   hundred 
)t  eight  inches   on   tbe   ground   floor.     The  trame- 
ructural  steel  resting  on  concrete  foundations  which 
have  been  carried  down  to  a  substantial  bed  of  graTel.     The 
valla  consist  of  two  and  one'half  inches  of  cement  mortar,  rein- 
forced by  "by-rib,"  and  are  of  natural  cement  color.     The  roof 
la  of  .elaterlte  resting  on  a  two-Inch  sheathing  of  matched  Oregon 
flr.     Ttie   ground   floor  Is   concrete   and   Is   divided   into   three 
benches.    Above  the  ground  floor,  but  covering  only  a  part  of 
the  area,  are  two  snspended  floors  of  reinforced  concrete,  sup- 
ported by  steel  framework.     The  building  la  well  lighted  and 
Is  properly  ventilated. 

Power  All  machinery  and  apparatus  requiring  power  are  oper- 
ated by  alternating  current  motors  supplied  with 
rent  from  the  power  house.  For  the  generation  of  the  cui 
required,  a  producer  gas-power  generator  unit  of  100  kv-a.  capac- 
ity has  been  Installed  In  the  power  house.  This  unit  is  of  Weet- 
ingbouae  design  and  cunsLsts  of  a  bituminous  suction  gas 
ducer,  a  vertical  three-cylinder  gas  engine,  and  a  direct 
nected  alternating  current  generator. 

The  producer  bas  a  number  of  noteworthy  features.  The 
principal  one.  and  tbe  one  which  contributes  so  largely  to  Its 
success,  consists  of  the  two  distinct  fire  zones.  This  feature 
makes  it  possible  to  operate  successfully  on  very  low-grade  fuel, 
and  eliminates  tbe  dlfflcultles  usually  arising  from  the  tar  and 
hydrocarbons  given  off  and  deposited  during  the  process  of  gas 
making.  Ordinary  Colorado  lignite  coal  Is  used.  From  tbis  is 
produced  a  cool,  clean  gas  with  a  heat  value  of  from  115  to  130 
B.t.u.  a  cubic  foot.  To  eliniiunte  the  loss  of  power  on  account 
of  a  reduced  Intake  pressure,  a  motor-driven,  positive-pressure 
type  of  exhauster  is  used.  Tbis  draws  the  gas  from  the  producer 
and  delivers  It  to  tbe  engine  at  a  pressure  corresponding  to 
about  four  inches  of  water. 

The  engine  is  of  tlio  stiindiird  WVstlnsihoiise  vertical  three- 
cylinder  type,  single  nctiUR,  and  using  a  four-stroke  cycle.    The 
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cylinders  are  15-inch  diameter  by  14-lnch  stroke.  At  a  speed  of 
257  reTolutiona  a  minute,  the  engine  operating  on  the  producer 
gas.  delivers  118  b.h.p.  Compressed  air  is  used  for  starting,  and 
both  engine  and  producer  can  be  started  readily,  even  though 
they  have  stood  Idle  for  several  days. 

Direct-connected  to  the  engine  through  a  spring  coupling 
Is  a  100  kv-a,  2,300-volt  three-phase.  60-cycle  generator.  The 
current  is  transmitted  at  this  voltage  to  the  experimental  plant 
where  it  is  stepped  down  to  the  working  voltage  of  440.  The 
installation  is  such  that  the  100  kv-a.  machine  can  be  operated 
in  parallel  with  a  steam  turbine  in  the  power  house.  In  case 
of  an  emergency  all  power  can  be  supplied  from  the  turbine 
alone. 

Sections  The  plant  contains  four  sections  or  units — sampling, 
concentration,  cyanidation,  and  a  fourth  devoted  to 
roasting  and  special  features  such  as  magnetic  and  electrostatic 
separation  and  flotation.  For  general  equipment  the  plant  con- 
tains a  Curtis  air  compressor,  bucket  elevator,  two  motor  oper- 
ated platform  elevators  which  give  control  over  all  the  floors,  a 
Ruggles-Cole's  dryer,  ore  bins,  track  scales,  turn  tables,  and  ore 
cars. 

Sampling.  This  section  contains  the  following  equipment: 
one  Vexin  sampler,  one  Bninton  sampler,  one  portable  feed 
bopper,  one  set  of  8  by  20  inch  Traylor  rolls,  one  dnst  collector, 
accessories  for  flnlshing  the  sample,  such  as  laboratory  crushers 
aad  pnlverixers,  bucking  board,  and  sample  riffles,  one  complete 
cmde  oil  assay  furnace  outflt,  and  equipment  for  chemical 
analysis. 

Concentration.  This  section  contains:  one  7  by  10  inch 
Blake  crusher,  one  2  D  Gates  gyratory  crusher,  one  set  of  14  by 
20  inch  P.  and  M.  M.  rolls,  one  set  12  by  24  inch  P.  and  M.  M. 
rolls,  one  3.5-foot  Huntington  mill,  one  3.5-foot  Akron  Chilean 
oilll  for  regrinding,  one  Richards  pulsator  jig,  one  Hars  jig  of 
one  compartment,  one  Harx  jig  of  four  compartments,  one  No. 
<  Wilfley  table,  one  Delster  sand  table,  one  Delster  slime  table, 
one  Richards  pulsator  classifler,  one  Johnston  vanner,  one  three 
compartment  classifler,  two  Callow  cones,  flve  850  lb.  gravity 
stamps  equipped  with  amalgamating  plates,  one  2  foot  amalga- 
mating pan  made  by  the  Denver  Engineering  Works  Co..  Pierce 
amalgamator,  and  clean  up  pans,  also  grixxlles,  impact  and  re- 
volving screens,  sand  pumps,  elevators,  and  concentrate  driers. 

For  preliminary  concentration:  one  Callow  miniature  ore 
testing  plant,  which  includes  one  24  inch  Wilfley  table,  one  two 
compartment  jig.  one  set  hydraulic  classiflers.  one  6  in.  by  4 
ft.  amalgamating  plate,  one  quarter-sixe  Butchart  table,  one- 
quarter  sixe  Wilfley  table,  and  one-quarter  sixe  Card  table. 
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tions  provide  useful  problems  in  determining  centers  of  gravity 
and  moments  of  inertia. 

The  equipment  for  cement  testing  includes  a  2,000-pound 
Riehle  testing  machine,  and  a  2,000-pound  Olsen  automatic  shot 
cement-testing  machine  for  testing  briquettes  in  tension.  The 
specific  gravity  of  cement  is  determined  by  means  of  the  Le 
Chatelier  apparatus.  A  nest  of  fineness  sieves  and  a  set  of  very 
sensitive  scales  equip  the  student  for  the  fineness  test.  Setting 
is  determined  by  means  of  the  complete  Vicat  apparatus. 
Trowels,  spatulas,  large  slate  mixing  boards,  beakers,  moulds, 
damp  box,  and  immersing  vats,  provide  apparatus  for  the  mak- 
ing and  setting  of  briquettes  and  for  the  soundness  tests. 
Moulds  are  used  for  making  cubes  and  cylinders  of  concrete  for 
compression  tests.  The  uSe  of  reinforced  concrete  is  illuMrated 
by  complete  models  of  forms  for  the  manufacture  of  reinforced 
concrete  columns  and  beams,  and  by  numerous  samples  of 
various  kinds  of  reinforcing  bars. 

ELECTRICAL  This  laboratory  is  equipped  with  standard 
LABORATORY  makes  of  volt-meters,  ammeters,  and  watt- 
meters, inductive  and  non-inductive  resist- 
ances for  artificial  loads,  a  Thomson  apparatus  for  induc- 
^tion  experiments,  a  slip  indicator  for  induction  motors,  an 
automatic  speed  recorder  which  can  be  used  for  finding  the 
acceleration  curves  of  motors,  an  Alden  absorption  dynamom- 
eter for  motor  testing,  a  contact  apparatus  for  alternating  cur- 
rent and  voltage  wave  form,  and  a  split  phase  rotary  field  ap- 
paratus. The  generators  available  for  laboratory  work  include  a 
100  kv-a,  2,300  volt,  60  cycle,  3  phase  Westinghouse  alternator, 
driven  by  a  Westinghouse  producer  gas  engine,  a  75  kw.  230 
volt,  3  wire,  d.c.  Westinghouse  generator,  driven  by  a  112  h.p.* 
2,300  volt,  3  phase,  synchronous  motor,  a  75  kw.  Bullock  twin 
unit  continuous  current  generator  set,  driven  by  a  110  h.p.  De 
Liaval  turbine,  a  30  kw.  1,100  volt,  125  cycle,  single  phase  General 
EHectric  alternator,  a  15  kw.  130  volt  compound,  continuous 
current  generator  designed  and  built  at  the  school,  an  8  kw. 
Crocker-Wheeler  generator,  a  6  kw.  130  volt  Westinghouse  gene- 
rator, a  7.5  kw.  125  volt  compound  machine,  a  3  kw.  5  and  10 
volt  electrolytic  generator,  a  small  single  phase  rotary  converter, 
a  2  kw.  120  volt  compound  Brush  machine,  a  series  arc  light 
machine,  and  a  small  Edison  shunt  generator.  The  Bullock 
generators  can  be  connected  at  the  switchboard  to  supply  the 
120-240  volt  3  wire  lighting  and  power  circuits,  or  they  can 
be  put  in  parallel  and  thus  supply  more  than  600  amperes  for 
electrothermic  work.  The  motors  include  a  10  h.p.  220  volt, 
60  cycle,  3  phase  constant  speed  induction  motor  of  General 
Electric  make,  two  5  h.p.  series  motors  with  controllers,  a  5  h.p. 
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ermlB  from  certain  localities.  The  various  collections,  which 
together  contain  sixty-six  thousand  specimens,  consist  of  dis- 
pfaikj.  type,  and  working  or  study  collections  of  minerals,  fossils, 
rocks,  and  ores.  The  rock  collections  include  a  general  collec- 
tion from  different  countries,  one  devoted  to  Colorado  localities, 
and  still  others  that  cover  particular  countries  or  localities. 

MINERALOQICAL  Aside  from  the  special  advantages  due  to 
LJkBORATORY  location,    the    department    of    geology    is 

well  equipped  for  practical -teaching.  The 
entire  first  floor  of  Guggenheim  Hall  is  occupied  by  this  depart- 
ment. The  south  end  of  the  building  is  occupied  by  a  commodious 
lecture  room,  with  a  seating  capacity  of  more  than  a  hundred. 
and  by  a  separate  mineralogical  laboratory  with  table  space  for 
between  fifty  and  sixty  students,  also  by  two  small  recitation 
rooms.  On  the  extreme  north  end  of  the  building  is  the  public 
museum,  devoted  to  a  display  of  fine  minerals.  Additional  space 
la  provided  for  working  rooms,  office,  packing,  and  storage 
rooms. 

METALLURGICAL  The  School  has  a  fine  collection  of  mod* 
COLLECTIONS  ols  from  the  works  of  Theodore  Qersdorf. 

Freiberg.  Saxony,  which  illustrate  types 
of  furnaces  in  this  and  other  countries.  Each  model  ia  made  to 
scale  and  is  complete  in  every  detail.  In  addition  to  these  models 
are  the  following  to  illustrate  the  best  modern  practice:  work- 
ing model  of  a  twenty-stamp  mill,  on  a  scale  of  one  and  one-half 
Inches  to  the  foot;  working  model  of  crushing  rolls;  working 
model  of  a  Dodge  crusher;  model  of  modem  blast  furnace  for 
lead-silver  ores,  with  water  jackets,  smaller  models,  such  as  the 
complete  set  used  in  the  ftimous  Keyes  and  Arenta  lead-well  suit 
There  Is  also  a  large  collection  of  ores,  ore  dressing  and  metal- 
largical  samples  and  products. 

METALLURGICAL  This  laltoratory  is  equipped  with  appa- 
LABORATORY  ratus  for  the  study  of  the  quantitative  re- 

lations of  the  various  agencies  taking 
part  in  metallurgical  changes.  The  Junker,  the  Mahler  Bomb,  and 
the  Parr  calorimeters,  the  Wanner  optical,  the  Le  Chatelier.  and 
Bristol  electrical  pyrometers,  together  with  several  electrical 
furnaces  and  a  Hoskin  gasoline  furnace,  are  used  for  obtaining 
tbe  desired  temperature  for  experimentation.  Desks  and  appa- 
ratus are  provided  for  small-scale  work  in  concentration,  amal- 
gamation, chlorlnation.  and  cyanidation.  Ten  separate  flotation 
cells  of  the  Minerals  Separation  Company's  type  and  a  Callow 
pneumatic  cell,  all  power  driven,  are  provided  for  the  experi- 
mental work  in  the  flotation  process.  The  necessary  chemical 
•quipment  for  analyses  Is  also  provided.     For  the  physical  ex- 
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amlnation  of  ores  and  metaHurgical  products,  five  small  dissect- 
ing, two  Leltz,  and  one  -Bausch  and  Lomb  compound  metallog- 
raphic  microscopes  are  provided.  The  necessary  standard 
screens  are  available.  Provision  for  large  scale  work  is  made  in 
the  experimental  ore  dressing  and  metallurgical  plant. 

ASSAY  This  laboratory  is  divided  into  parting,  bal- 

LABORATORY       ance,    furnace,    storeroom,    and    oflElce.     It    is 

equipped  with  thirty-two  coal-fired  muffle 
furnaces,  seven  Case  distillate  furnaces,  one  gasoline  fur- 
nace, two  Braun  cupel  machines,  two  Iler  cupel  machines, 
and  two  bullion  rolls,  one  of  which  is  of  the  Braun  type.  In 
order  to  avoid  dust,  change  of  temperature,  and  direct  sun- 
light, the  balance  room  has  no  outside  walls,  and  is  lighted  by 
means  of  skylight.  The  equipment  includes  seven  special  pulp 
balances,  five  silver  balances,  three  gold  balances,  one  Thomp- 
son multiple  rider  balance,  and  one  Mine  &  Smelter  Supply 
Company  button  balance,  Wilfred  Heusser  tjrpe.  No.  1000,  sensi- 
tive to  .002  milligram.  This  variety  is  selected  in  order  to 
acquaint  the  student  with  the  various  mechanisms  and  adjust- 
ments in  assay  balances.  Each  student  has  his  own  mufTle,  with 
his  own  coal  bin,  pulp  balance,  and  desk,  conveniently  arranged 
with  regard  to  his  furnace;  he  has  also  access  in  the  balance 
room  to  the  best  type  of  assay  and  pulp  balances. 

SURVEYING  The  equipment  of  the  department  for  surveying 
EQUIPMENT       is   well  adapted  to  the   practical   course   given. 

For  transit  work  there  are  twenty-four  light 
mountain  transits,  of  which  eleven  are  equipped  for  under- 
ground surveys.  There  are  also  three  heavy  transits,  one 
of  which  is  of  English  and  one  of  German  make.  In  addi- 
tion to  the  transits  there  are  three  plane  tables  for  taking 
topography.  For  leveling,  seven  wye  levels  and  five  dumpy 
levels  of  standard  manufacture  are  used.  The  department  is 
well  supplied  with  leveling  rods  of  various  makes  and  types, 
Btadia  rods,  tapes,  hand  levels,  pocket  transits,  range  poles,  and 
other  accessories.  The  instruments  are  manufactured  by  such 
well  known  firms  as  C.  L.  Berger  &  Sons,  Buff  &  Buff,  Heller  & 
Brightly,  Eugene  Dietzgen  &  Co.,  Peter  Herr  &  Co.,  W.  and  L. 
E.  Gurley,  Keuffel  &  Esser,  William  Ainsworth  &  Sons,  Weiss 
&  Heitzler,  Young  &  Sons.  Negretti  &  Zambra  (English),  and 
Max  Hildebrand  (German). 

CHEMICAL  The  freshman,  sophomore,  and  .unior  labora- 

LABORATORIES       lories  aeoonimodate  two   hundred  and  fifty 

students,  and  are  equipped  with  especially 
designed  tile-topped  oak  desks,  provided  with  low  reagent  shelves, 
^as,   water,   filter   pumps,   and   large   porcelain   sinks.     The   bal- 
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ance  rooms '  are  equipped  with  Sartorius,  Becker,  Ains worth. 
and  Spoerhave  balances.  Gas  is  supplied  to  the  building  from 
a  S(K>-light  Detroit  gas  machine,  which  is  connected  with  buried 
supply  tanks  outside  the  buildings.  Good  ventilation  is  obtained 
bj  means  of  two  Sturtevant  fans. 

HYDRAULIC  The  hydraulic  laboratory  contains  weirs  and 
LABORATORY     orifice  tanks  for  the  determination  of  coefll- 

cients  of  discharge,  calibrated  tanks  for  water 
measurements,  a  steel  pressure  tank  for  artificial  heads,  pumps 
for  water  supply,  and  gages  for  pressure.  A  hydraulic  ram 
is  used  to  illustrate  this  class  of  apparatus  and  for 
testing.  A  long,  sheet-iron  trough  with  a  car  over  it 
Is  used  for  calibrating  current  meters.  Water  wheels  and  cen- 
trifuffU  pumps  are  tested  for  efficiency  under  yarious  condi- 
tions of  head  and  load.  A  swinging  tank  is  used  to  measure 
jet  reactions.  Friction  losses  in  pipes  and  elbows  are  measured. 
Hook  gages  are  used  for  the  accurate  determination  of  low 
heads.  Streams  and  ditches  in  the  yicinity  of  Golden  are  gaged 
l»y  means  of  the  current  meter,  by  rod  fioats,  by  slope,  and  by  a 
Pltot  tube.  A  two-inch  Venturi  meter  and  manometer  set  Is  used 
In  measuring  pipe  fiow. 

PHYSICAL  The  physical  laboratory  is  in  the  basement 

LABORATORIES      of  the  Chemistry  Building.     Adjoining  the 

main  laboratory  is  a  balance  and  instru- 
ment room,  and  a  dark  room  containing  a  complete  Lummer- 
Brodhun  photometer  and  an  optical  bench.  The  equipment  Is 
particularly  adapted  to  the  instruction  of  students  of  engineer- 
ing, and  is  designed  to  teach  the  principles  of  elasticity  and 
efficiency  of  machines,  composition  and  resolution  of  forces, 
rarlous  forms  of  motion,  density,  velocity  and  pitch  of  sound, 
focal  length  of  lenses,  magnifying  power,  and  the  principles 
of  the  construction  of  telescopes.  The  heat  equipment  Is  partic- 
ularly well  adapted  for  calorimetry,  heat  expansion  determina- 
tions, and  for  the  determining  of  the  mechanical  equivalent  of 
beat.  A  complete  line  of  galvanometers,  standard  resistances, 
condensers,  ammeters,  voltmeters,  dynamometers,  permeameters. 
potentiometers,  standard  cells,  and  a  Kelvin  balance  compose  the 
electrical  apparatus:  in  magnetism  all  the  principles  which  un- 
derlie the  construction  of  magnets  for  lifting  purposes  and  for 
the  separation  of  ores  are  demonstrated  in  the  laboratory. 

TESTING  The  laboratory  is  provided  with  a  motor-driven 

LABORATORY     100.000-pound  Riehle  testing  ma'^hine  arranged 

for  experiments  in  tension,  compression,  shear- 
ing, and  flexure  of  materials.  Extensometers  for  measuring  elon- 
gations  and  compressions  are  employed.     Numerous  steel  sec- 
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REQUIREMENTS  FOR  ENTRANCE 


FRESHMAN   CLASS 

Unit  Course.  A  unit  course  of  study  is  defined  as  a  course 
covering  a  school  year  of  not  less  than  thirty-six  weeks,  with 
five  weekly  periods  of  at  least  forty-five  minutes  each. 

Fifteen  units  are  required  for  entrance,  of  which  ten  are 
specified  and  five  may  be  chosen  from  a  list  of  electives. 

Specified  Units 

Eissentials   of   Algebra 1  unit 

Advanced  Algebra  %  unit 

Plane  Geometry   1  xmit 

Solid  Geometry  14  unit 

English    3  units 

History 2  units 

Physics    1  unit 

Chemistry   1  unit 

Specified  Units  10 

Elective  Units  5 

Total  Units  for  Entrance 15 

Elective  Units 

The  five  elective  units  may  be  selected  from  the  following 
list:  Drawing,  Shop  Work,  Mathematics,  Latin,  Greek,  French, 
Spanish,  History,  English,  Science,  Psychology,  Political 
Economy.  In  allowing  credit  for  drawing  and  shop  work  two 
forty-five  minute  periods  will  be  regarded  as  equivalent  to  one 
forty-five  minute  period  of  classroom  work.  Half  units  are 
accepted  in  all  studies  except  in  physics  and  chemistry,  provided 
that  not  less  than  one  full  unit  shall  be  accepted  in  language. 

Entrance 

(a)  By  Certificate. 

A  graduate  of  an  accredited  high  school  in  the  State  of 
Colorado  will  be  admitted  without  examination  upon  the  pre- 
sentation of  proper  credentials  from  the  principal  of  his  high 
school,  provided  that  the  studies  he  has  successfully  completed 
cover  the  requirements  for  entrance.  Blanks  for  this  purpose 
will  be  sent,  on  application  to  the  Registrar. 
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Z  phase,  two-speed  induction  motor,  used  for  electric  drilling,  a 
4  h.p.  single-phase  Wagner  motor,  a  400-2,000  rev.  per  min.  ad- 
justable speed  experimental  motor  deslgiied  and  built  at  the 
school,  a  20  h.p.  series  motor,  and  a  large  number  of  3  phase 
motors  and  shunt  machines  of  standard  makes  in  daily  use  about 
the  shops  and  buildings.  The  storage  batteries  of  54  cells  each 
are  in  daily  use  and  are  available  for  study.  In  addition  to 
these  generators  and  motors,  a  modern  5  panel  d.c.  switchboard 
and  7  panel  a.c.  and  d.c.  switchboard  with  the  usual  instru- 
ments, switches,  and  auxiliaries,  afford  excellent  opportunities 
for  the  study  of  electric  plant  equipment.  The  engine  room  is 
utilised  as  a  part  of  the  dynamo  laboratory,  but  the  laboratory 
in  Stratton  Hall,  equipped  with  numerous  circuit  outlets  and 
portable  instruments,  is  used  chiefly  for  the  study  of  motors 
and  their  auxiliaries.  At  present  there  are  78  generators  and 
motors  available  for  study.  Transformers  up  to  80.000  volts  are 
in  use. 

MINING  The  laboratory  work  in  mining  is  carried  on 

LABORATORY       principally    at    the    tunnel    belonging   to    the 

school.  The  equipment  here  consists  of 
numerous  drills  which  are  taken  apart,  reassembled,  and  used 
by  the  student;  forges,  anvils  and  tools  for  blacksmith- 
ing;  the  air  receiver,  valves,  gages,  fuses  and  switches  con- 
nected with  the  compressed  air  and  electric  power  transmission 
from  the  power  plant;  two  mining  cars:  materials  for  track  lay- 
ing, and  all  other  supplies  usually  found  at  a  tunnel  house. 
Among  the  makes  of  rock  drills  used  by  the  students  are  Rand, 
IngersoU.  Sergeant.  Leyner,  McKieman,  Wood.  Hardsocg.  Shaw. 
Ingersoll-L«eyner.  Dreadnaught,  Waugh,  and  Temple-Ingersoll 
All  of  the  mountings,  such  as  bars,  tripods,  and  arms,  and  a 
supply  of  drill  steel,  are  also  provided.  For  the  measurement 
of  air  consumption  in  drilling  operations,  the  Clark,  Drillometer, 
and  displacement  meters  are  installed.  Batteries,  galvanome- 
teri,  and  rheostats  are  provided  in  connection  with  electric  shot 
trlng.  In  the  laboratory  at  the  school  are  two  working  size 
models  of  the  Bleichert  system  of  aerial  trams ;  numerous  models 
of  mines;  an  explosive  tester;  a  collection  of  rock  cores  taken 
by  diamond  drills;  models  of  timbering  methods:  many  mine 
maps;  instruments  for  measuring  ventilation;  lantern  slides 
IDnstrating  mining  operations;  samples  of  wire  ropes  and  drill 
■laels;  lamps  of  the  open  and  safety  patterns;  a  dry  placering 
machine;  and  many  photographs  of  mines  and  operations. 
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MECHANICAL  The  heating,  lighting,  and  power  plant  is  well 
ENGINEERING  equipped  for  mechanical  engineering  labora- 
LABORATORY       tory  practice.     The  boiler  room  contains  the 

following  principal  equipment.  One  200  h.p. 
and  one  100  h.p.  Babcock  &  Wilcox  water  tube  boilers,  each 
equipped  with  a  chain  grate;  one  80  h.p.  tubular  boiler  equipped 
with  plain  grate;  Green  Engineering  Company  fuel  economiz- 
ers; Babcock  &  Wilcox  independently  fired  super-heater;  Web- 
ster feed-water  heater,  boiler  feed  and  vacuum  pumps  and 
injectors;  one  Wilcox  water  weigher;  a  125  by  5-foot  self-sup- 
porting steel  stack  supplemented  by  a  steam-driven  42-inch 
Sirocco  fan  for  induced  draft;  eight  25-ton  steel  bunkers  for 
coal  storage;  and  a  125  h.p.  Westinghouse  double*flow  gas  pro- 
ducer equipped  with  wet  and  dry  scrubbers,  mixing  and  gas 
storage  tank,  and  motor-driven  exhauster. 

The  engine  room  contains  the  following  principal  apparatus: 
10  by  12-inch  high  speed  Russell  engine;  6  by  9-inch  throttling 
Sturtevant  engine;  75  kw.  De  Laval  steam  turbine  geared  to 
t^irin  generators;  7  by  6-inch  two-cylinder  vertical  Westinghouse 
Jr.  engine;  15  by  14-inch  three-cylinder  vertical  Westinghouse 
gas  engine  direct  connected  to  alternator;  6.75  by  14-inch  single 
Fairbanks,  Morse  &  Company  gas  engine;  8.75  by  14-inch  Priest- 
man  oil  engine;  a  Studebaker  four-cylinder  automobile  motor; 
a  J.  George  Leyner  EJngineering  Works '  two-stage  air  compress- 
or, capacity  275  cubic  feet  of  free  air  per  minute;  and  a  small 
Westinghouse  air-brake. 

The  laboratory  is  well  equipped  with  auxiliary  apparatus 
such  as  indicators,  prony  brakes,  Orsat  apparatus,  calorimeters 
and  manometers,  for  conducting  experimental  work. 

SAFETY  ENGINEERING  The  equipment  consists  of  six  sets 
LABORATORY  Draeger    breathing    apparatus,    two- 

hour  type;  one  set  Draeger  breath- 
ing apparatus,  one-half  hour  type;  five  sets  Fluess  breathing 
apparatus,  two-hour  type;  three  sets  Westfalia  breathing 
apparatus,  two-hour  type;  one  set  Westfalia  breathing  appa- 
ratus, one-half -hour  type;  all  equipped  with  extra  oxygen  cylin- 
ders, various  accessories,  and  supplies;  four  large  oxygen  cylin- 
ders for  storage;  one  refilling  pump;  one  pulmotor;  one  lung- 
motor;  Edison,  Manlite,  and  Wico  electric  lamps,  with  charging 
station;  electric  flash  lights;  various  types  of  safety  lamps; 
stretchers,  splints,  bandages,  compresses,  and  all  other  necessary 
first  aid  material;  fuse,  squibs,  electric  detonators,  and  shot- 
firing  batteries;  mine  telephones,  mine  signs,  and  other  safety 
and  efficiency,  appliances. 
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DRAWING    ROOMS 

Freshman  and     This  occupies   the   upper  floor  of   the   Hall   of 
Sophomors  Chemistry.     The  floor  area  Is  about  four  thou- 

sand square  feet.  It  Is  lighted  by  windows  on 
the  north,  east,  and  west,  and  by  eight  large  skylights  in  the 
roof.  A  suitable  office  for  the  instructors  is  in  a  central  position, 
in  which  all  drawings  are  filed  and  all  records  are  kept.  Each 
student  is  provided  with  a  drawing  table,  a  drawer,  a  drawing 
board,  and  a  stool.  The  present  equipment  accommodates  about 
one  hundred  fifty  students.  There  are  many  models  to  aid  the 
students  in  their  work. 

Junior  and  Senior      The  entire  third   floor  of  Stratton  Hall  is 

used  for  the  junior  and  senior  drawings. 
The  room  is  90  by  60  feet,  lighted  by  windows  and  a  large  sky- 
light. Each  student  is  provided  with  a  drawing  table,  a  drawer, 
a  drawing  board,  and  a  stool.  Most  of  the  drawing  tables  are 
independent  and  adjustable.  The  room  has  recently  been 
equipped  with  especially  constructed  tables  for  the  advanced 
work  of  the  seniors.  The  present  equipment  accommodates  about 
160  students.  There  is  a  blue-print  room  fully  equipped  with  an 
adjustable  printing  frame  and  all  other  necessary  appliances. 
In  one  comer  of  the  room  is  the  office  of  the  instructors,  where 
all  drawings  and  records  are  flled.  There  are  for  the  use  of  the 
students  a  complete  set  of  trade  catalogues  and  a  large  numl>er 
of  blue  prints  from  industrial  corporations.  These  are  kept  up 
to  date. 
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Tbe  llstB  tbua  divided  ar«  as  follows: 

I  Books  prescribed  for  reading 
Qroup  I    (Two  to  be  selected) 

SbakeBpeare's  At  You  Like  It,  Henry  T,  /uli»>  Caesar,  The 
Merchant  of  Venice,  Tioetfth  Night 

Oroap  It    (One  to  be  selected) 

Bacbn's  Eaaayi;  Irvtng'B  Life  o/  Tfathington;  The  Sir  Roger 
Oe  Ooverlp  Papers  In  The  Spectator;  Franklin's  AntoMopraphy 

Oroup  III     (One  to  be  selected) 

Chaucer's  Prologue;  Spencer's  Faerie  Queene  (selections); 
Pope's  The  Rape  of  the  Lock;  Goldsmith's  The  Deserted  Village; 
Palgrave's  <?oIden  Trtasurg  (First  Series),  Books  II  and  lit, 
with  especial  attention  to  Dryden,  Collins,  Gray,  Cowper  and 
Burns 

Oroijp  IV    (Two  to  be  selected) 

Goldsmith's  The  Vicar  of  Wakefield;  Scott's  Ivanhoe;  Scott's 
Quentin  Durtcard;  Hawthorne's  The  House  of  the  Seven  Oatles; 
Thackeray's  Vanity  Fair;  Mrs.  Qaskell's  Cranford;  Dickens'  A 
Tale  of  Two  Cities;  George  Eliot's  Silas  Mamer;  Blackmore's 
Loma  Doone 

Group  V    (Two  to  be  selected) 

Irvlng'e  Sketch  Book;  Lamb's  Essays  of  Elia;  De  Qulncey's 
Joan  of  Arc  and  The  English  Mail  Coach;  Carlyle's  Heroe*  and 
Hero  Worship;  Emerson's  Essays;  Ruakin's  Sesame  and  Lilies 

Group  VI     {Two  to  be  selected) 

Coleridge's  The  Ancient  Mariner;  Scott's  The  Lady  of  the 
Lake;  Byron's  Mazeppa  and  The  Prisoner  of  Chilton;  Palgrave's 
Golden  Treasury  (First  Series),  Book  IT,  with  especial  atten- 
tion to  Wordsworth,  Keats,  and  Shelley;  Macaulay's  Lays  of 
Ancient  Rome;  Poe's  Poems;  Lowell's  The  Vision  of  Sir  Laun- 
fal;  Arnold's  So  Arab  and  Rustum,;  Longfellow's  Evangeline; 
Tennyson's  Oareth  and  Lynette,  Lancelot  and  Elaine,  and  The 
Passino  of  Arthur;  Browning's  Cavalier  Tune*,  The  Lost  Leader, 
How  They  Brought  the  Good  Netna  from  Ohent  to  Ave,  Evelyn 
Hope,  Hotne  Thoughts  from  Abroad,  Home  Thoughts  from  the 
Sea,  Incident  of  the  French  Gamp,  The  Boy  and  the  Angel,  One 
Word  More,  Herve  Riel,  Pheidippidei 

II  Books  prescribed  tor  study  and  practice 
Shakespeare's  Macbeth,  Milton's  Lycidas,  Comus,  L'Allegro, 

and  II  Penseroso;  Burke's  Speech  oti  Conctltation  with  America, 
or  Washington's  ForeicclJ  Address  and  Webster's  First  Bunker 
Hill  Oration;  Macaulay's  Life  of  Johnson,  or  Csrlyle's  Essay  on 
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Graduates  of  accredited  high  schools  in  other  states  will  be 
accepted  in  the  same  manner  as  graduates  of  accredited  high 
schools  in  Colorado. 

(b)  By  Examination. 

All  other  candidates  for  admission  will  be  required  to  pass 
entrance  examination.    These  examinations  are  held  in  Golden. 

For  the  benefit  of  any  student  who  cannot  take  the  exam- 
ination in  Golden,  conveniently,  on  account  of  the  distance, 
arrangements  will  be  made  so  that  he  may  take  the  examina- 
tion under  the  direction  of  some  responsible  person  at  his  own 
home,  or  near  it. 

Entrance  examinations  for  the  class  of  1923  will  be  held  in 
Golden  on  Wednesday.  Thursday,  and  Friday.  August  27.  28  and 
29.  1919. 

It  is  the  opinion  of  the  Faculty  of  the  Colorado  School  of 
Mines  that  every  candidate  for  the  freshman  class  should  have 
taken  a  thorough  course  of  at  least  four  years  in  a  good  high 
school,  or  its  equivalent,  and  during  the  last  year  of  his  prepara- 
tion should  have  had  a  thorough  review  of  mathematics.  Special 
attention  should  be  given  to  the  preparation  in  chemistry  and 
physics. 

If  a  first  year  student  is  found  to  be  deficient  in  any  of  the 
subjects  required  for  entrance,  the  faculty  reserves  the  right  to 
require  such  student  to  remove  his  deficiency  before  proceeding 
with  his  regular  work. 

REQiSTRATION 

The  first  Monday  and  Tuesday  of  September  are  the  regis- 
tration days  for  the  first  semester;  and  the  first  day  of  the  sec- 
ond semester  is  the  registration  day  for  that  semester. 

DESCRIPTION  OF  THE  UNITS  REQUIRED  FOR  ENTRANCE 

ENGUSH   (3  rniU) 

(a)  Grammar  The  student  should  have  a  sufl&cient  knowl- 
edge of  English  grammar  to  enable  him  to  point  out  tbe  syn- 
tactical structure  of  any  sentence  which  he  meets  in  the  pre- 
scribed reading.  He  should  also  be  able  to  state  intelligently 
the  leading  grammatical  principles  when  he  is  called  upon  to 
do  so. 

(b)  Reading  The  books  prescribed  by  the  Joint  Commit- 
tee on  Uniform  Entrance.  Requirements  in  English  form  the  basis 
for  this  part  of  the  work. 

The  list  is  divided  into  two  parts:  the  first  consists  of  books 
to  be  read  with  attention  to  their  contents  rather  than  to  their 
form:  the  second  consists  of  books  to  be  studied  thoroughly  and 
miauiely. 
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The  lUtB  thuB  divided  are  as  tollowa : 

I  Books  prescribed  for  reading 
Group  I    (Two  to  be  selected) 

Shakespeare's  As  You  Like  It,  Henry  V,  Juliui  Caesar,  The 
Uerchant  of  Tenice,  Twelfth  Night 

Group  II     (One  to  be  eeleoted) 

BacOn'B  Easayt;  Irvlng'e  Life  Of  Washington;  The  Sir  Roger 
de  Ooverl]/  Papers  In  The  Spectator;  Franklin's  Autotiographv 

Group  III     (One  to  be  selected) 

Chaucer'B  Prologue;  Spencer's  Faerie  Queene  (eelectionB): 
Pope'B  The  Rape  of  the  Lock;  Goldemltli'B  The  Deserted  TilJage; 
Palgrave'a  Ooiaen  Treasury  (First  Seriea),  Books  II  and  III, 
with  especial  attention  to  Dryden,  Collins,  Qrar,  Cowper  and 
Burns 

Group  IV    (Two  to  be  selected) 

Goldsmith's  The  Ticar  of  Wakefield;  Scott's  Ivanhoe;  Scott's 
Quentin  Durvard;  Hawthorne's  The  House  of  the  Seven  Oablet; 
Thackeray's  Vanitv  Fair;  Mrs.  Oaskell's  Cranford;  Dickens'  A 
Tale  of  Tv>o  Cities;  George  Eliot's  Silas  Mamer;  Blackmore's 
LomaDoone 

Group  V    (Two  to  be  selected) 

Irrlng'a  Sketch  Book;  Lamb's  Essays  of  Elia;  De  Quincey's 
ioan  of  Arc  and  The  English  Mail  Coach;  Cariyle's  Heroes  and 
Hero  Worship;  Emerson's  Essays;  Ruskln's  Sesame  and  Lilies 

Group  VI     {Two  to  be  selected) 

Coleridge's  The  Ancient  Mariner;  Scott's  The  Lady  of  the 
Lake;  Byron's  Mazeppa  and  The  Prisoner  of  Chillon;  PalgraTe's 
Oolden  Treasury  (First  Series),  Book  IV,  with  especial  atten- 
tion to  Wordsworth,  Keats,  and  Shelley;  Macaulay's  Lays  of 
Ancient  Rome;  Poe's  Poems;  Lowell's  The  Vision  of  Sir  Laun- 
fal;  Arnold's  Sohrab  and  Rustum;  Longfellow's  Evangeline; 
Tennyson's  Oareth  and  Lynetfe,  Lancelot  and  Elaine,  and  The 
Passing  of  Arthur;  Browning's  Cavalier  Tunes,  The  Lost  Leader, 
How  They  Brought  the  Good  News  from  Ohent  to  Ave,  Evelyn 
Bope,  Home  Thoughts  from  Abroad.  Home  Thoughts  front  the 
Sea.  Incident  of  the  French  Gamp,  T 
Word  More,  Herve  Riel,  Pheidxppides 

II  Books  prescribed  tor  study  a 
Shakespeare's  Macbeth,  Milton's 

and  II  Penseroso;  Burke's  Speecft  o« 
or  Washington's  Farewell  A4^ 
Bill  Oration;  Macaulay's  I 
Burns. 
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(c)  Composition  Regular  and  persistent  training  in  both 
written  and  oral  composition  should  be  given  throughout  the 
entire  school  course.  The  topics  should  be  so  chosen  as  to  give 
practice  in  the  four  leading  types  of  prose  discourse,  namely, 
description,  narration,  exposition,  and  argument 

(d)  Rhetoric  The  instruction  in  this  subject  should  include 
the  following  particulars:  Choice  of  words,  structure  of  sen- 
tences and  paragraphs,  the  principles  of  narration,  description, 
exposition,  and  argument. 

The  teacher  should  distinguish  between  those  parts  of 
rhetorical  theory  which  are  retained  in  text  books  merely 
through  the  influence  of  tradition  and  those  which  have  a 
direct  bearing  upon  the  composition  work.  The  former  may  be 
safely  omitted. 

HISTORY  (2  tJnits) 

Any  two  of  the  following  periods  may  be  offered: 

I  Ancient  History,  with  special  reference  to  Greek  and 
Roman  History,  with  a  short  introductory  study  of  the  more 
ancient  nations  and  the  chief  events  of  the  early  middle  ages, 
down  to  the  death  of  Charlemagne 

II  Mediaeval  and  Modern  European  History,  from  the  death 
of  Charlemagne  to  the  present  time 

III  English  History 

IV  American  History,  or  American  History  and  Civil  Gov- 
ernment 

MATHEMATICS  (3  Units) 

The  courses  offered  by  the  school  are  so  exacting  that  a 
thorough  training  in  the  following  subjects  is  essential: 

I  Essentials  of  Algebra  (1  Unit)  The  four  fundamental 
operations  for  rational  algebraic  expressions;  factoring;  complex 
fractions;  the  solution  of  equations  of  the  first  degree  containing 
one  or  more  unknown  quantities;  radicals;  theory  of  indices; 
quadratic  equations  and  equations  containing  one  or  more  un- 
known quantities  that  can  be  solved  by  the  methods  of  quadratic 
^<|uations;  problems  dependent  on  such  equations. 

n    Advanced  Algebra     (^  Unit)     This  course  should  begin 

%  thorough  review  of  .the  essentials.     Later  work  should 

Introduction  to  the  graphical  representation  of  linear 

kdratic  expressions;  ratio  and  proportion;   varia- 

em;  the  progressions;  and  logarithms. 

■V     (1  Unit)     Completed,  with  the  solu- 
and  numerical  problems. 
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« 

IV  Solid  Geometry  (^  Unit)  Properties  of  straight  lines 
and  planes;  of  dihedral  and  polyhedral  angles;  of  projection:  of 
polyhedrons,  including  prisms;  of  pyramids  and  the  regular 
solids;  of  cylinders,  cones,  and  spheres;  of  spherical  triangles, 
and  the  mensuration  of  surfaces  and  solids. 

CHEMISTRY  (1  Unit) 

The  equivalent  of  Brownlee's  Elementary  Chemistry,  Brad- 
bury's Elementary  Chemistry,  or  McPherson  and  Henderson's 
First  Course  in  Chemistry,  with  experiments. 

PHYSICS  (1  Unit) 

The  equiyalent  of  Carhart  and  Chute's  High  School  Physics, 
or  Gage's  Principles  of  Physics,  together  with  systematic  labora- 
tory practice  such  as  is  outlined  in  Crew  and  Tatnall's  Labora- 
tory Manual  in  Physics. 

The  two  units  required  in  languages  other  than  ESnglish  may 
be  ottered  in  Greek,  Latin^  French,  or  Spanish. 

ADMISSION   TO   ADVANCED   STANDING 

Applicants    who    are    graduates    of    technical    or    scientific 

schools  or  colleges  of  good  standing  will  be  admitted  without 
examination  upon  the  presentation  of  proper  credentials.  They 
will  be  permitted  to  take  any  subject  taught  in  connection  with 
the  regular  courses,  provided,  in  the  opinion  of  the  instructor, 
their  previous  experience  and  training  will  enable  them  to  pur- 
sue the  subject  with  profit.  Each  case  will  be  judged  on  its 
own  merits,  but  applicants  will  be  advised  to  become  candidates 
for  a  degree  and  to  complete  one  of  the  regular  courses  of  the 
school. 

Applicants  who  have  partly  completed  the  course  in  tech- 
nical or  scientific  schools  or  colleges  of  good  standing  will 
be  admitted  without  examination  uix>n  the  presentation  of  proper 
f  redentials.  D\u^  credit  will  be  allowed  for  the  siiccessftil  com- 
pletion of  work  which  is  equivalent  to  that  given  in  the  Colorado 
School  of  Mines.  Plates  of  dn^wing^.  laboratory  note  books,  and 
catalogues  of  the  institution  atteii.ied.  should  h-e  s::bn:itted  with 
applications  for  advat^cod  standir.c.  All  crodr.s  iiiven  to  ad- 
vanced standing:  <t".dor.:s  are  given  pro\is:cT.a".y.  -orjth  the  under- 
standing that  5::ch  cred.ts  r/.ay  bo  \x  ::hdr.'i>>r.  s:  &r-y  time  in  case 
a  student  fails  to  r...tin:ain  a  ored:tablo  star.dmc.  Applicatior! 
blanks  will  be  f  irivshed.  on  rev^rest  to  the  Registrar 
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DEGREES 

The  degree  of  B.  M.  (Engineer  of  Mines)  will  be  conferred 
npon  a  candidate  who  fulflla  the  following  conditions: 

(a)  He  must  complete  the  prescribed  work  of  the  freshman 
and  sophomore  years. 

(b)  He  must  complete  the  required  work  in  one  of  the 
groups:  Metal  Mining,  Coal  Mining,  Metallurgy,  or  Mining  Oeol- 
ogy,  and  enough  additional  elective  work  to  make  a  total  of 
one  hundred  credit  hours.  The  presentation  of  a  thesis  is 
optional,  but  if  presented  six  credit  hours  are  allowed  for  it 

No  diploma  will  be  delivered  until  the  full  requirements  of 
the  course  of  study  are  satisfied,  and  all  accounts  with  the  school 
are  settled. 

The  degree  of  M.  S.  (Master  of  Science)  may  be  conferred 
upon  a  candidate  who  already  holds  a  degree  from  this  school 
or  an  equivalent  degree  from  a  similar  institution  of  good  stand- 
ing, and  whose  application  for  such  degree  shall  have  been  ap- 
proved by  the  faculty:  provided,  that  the  candidate  completes 
work  equivalent  to  fifty  credit  hours,  chosen  with  the  approval 
of  the  faculty,  and  presents  an  acceptable  thesis.  Before  being 
accepted  as  a  candidate  the  applicant  must  file  a  record  of  his 
previous  attainments. 


civil  Engineering  II  (page  51)  is  given  during  Bis  weeks  of 
the  summer  ToUowlng  the  close  of  the  freshman  year. 
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TABULAR   VIEW 
SOPHOHORB  TEAR 


Metal  MlnlnK  I[[  (page  9.1)  Is  iclven  tfurlDK  the  four  weeks 
of  the  •ummer  tollowlng  the  close  of  the  sopboinore  rear. 

MeUI  Miniug  IV  (page  94>  Is  Klven  for  (wo  weeds  ot  tbe 
snininer  followlDg  Ibe  close  ot  Ibe  sopbomore  rear. 
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XIV 

ll«cluuilcmJ  Bnglneertnc 


XV   . 


ii«taiiiirKr  vn 

MMaUnrgr    Vni 

1I*UI  Mlalnc  XI 

HMAl  UlolnK  XIII.... 

ElMtlva 

CbwnUUr   XVI 

CItU  BiKln««rliis  VII. 
Ensi&Mrlag 


fi     \h\ix\\     8»CX>ND  BBMM-nDR         |    \U    S^ 


Beetrloil  BnsloMrlnc 
VI   

Ovologruid  Hlnsnlogy 
X    ..." 

Bjtinke  and  Cunp  San- 


)  I.. 


Macbmnlral  BBSiii««rlO( 
xm 

MaehAilcal  BngtBMrins 
XVI  

ItoUlliirgy   XfV.... 
r  XVU... 


Art  . 


[  l«w  I.. 


Credit   ttarM 


Raquirad 

Engllah   IV 

Ueui  Ulnlns  XII... 
Uetal  UlnlDg  XIV.. 
Haul  HlnlDK  XV... 


El«ctlv« 

ChemlBtry   XVII 

ClTll   EnKlneeriai  V. 
Civil  EoglDMriDc  VI... 
ClTll  BDKln»erlnK  VIII. 
CiTll  BDKltieeTlDK  IX. 

CoKl  Ulnlns  V 

Coal  Iflnlng  VI 

Coal  uiDiDK  vn 

Coal  MlDlnc  Vin.... 

::oa]  Mining  DC 

Elec.  Engineering  VII. 
Slec.  EBKlneeHng  Vin. 
}ea1ogrand  Ulneralogr 


XI  . 


}eolocrand  HlB«mlof7 


xn  . 


iech.  Eng.  XVII.. 
iecfa.  Eng.  XVnt. . 

detallnrgjr  X 

ietaUnrK7  XI 

(•tallQrgr  XVI 

lUtlaiT  Art  

dining  L«v  n 

•hyalCT  X 

•hyalci  XI 

'bTaIca  xn 

iMila.       Cndit  tbrae 
boara. 
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*«oloer  and  Mineralogy  XIII  (page  73).  Credit  three  hours, 
course  Is  reiuirfrd  and  is  eiven  tor  fonr  weeks  dnriiiK  the 
ir  followInK  the   clo-it   of   the  Junior  year. 
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TABULAR  VIEW 

GROUP  IV     HININO  OBOLOOT 

SENIOR  TEAR 


:jgi  fii*—iiiiiiij,   toPB  JLLUUiBBfl  -cppoidBQF  Sor  'Che 
a&fl  tbfiM'lBi  <tf  iDflsiSBitic  rih«nrwl,T>',  and  4ie  wddBtsr  to  ^ni^ 

BTET 


^3ie  "11111  ftwimntBl  iirtTirljil^  of  nhHinlHli'^  xfb  tamjlit  ^  "dis 
caomse.  flnodmds  is  laifl  upmi  "Qie  jiALuk^  off  rlwiiili'ml  ivmAsobe 
md  "file  liiiiSBB  ii^Eicdi  inflosDoe  "Owm  TQie  'wmSc  jQao  liirliiilBB  ft 
9txUty  tA  "file  mnHmntBTTtr  dgiHiHiUjB  snd  ommuiiiiidii,  leifii  ^ncdsil 

J*BXBrsilClB  *kD  fliflir  lyyti^H^^  W*H  Blld  "Ify fl twit  i '1  bl^  timm 

PreregtiiBtteE:  ^Sntnmne  reQuirements. 

Ten:   Smith,  General  Chemistry  for  Colleges 

liBCturefi  and  recltationt  five  hourg  a  week  during  the  first 
fienjeBter  of  the  IreHlunaii  year. 

lifiquired  of  all  BtudentB.  (X.  I).  HobenE.) 

n      SENTIRAL  CHEMISTET     i.ecturc8 

Thit  RDurBe  if  a  continuation  of  Course  1  and  deals  with  the 
Kiiunilfltrv  of  the  metallic  (^ienientf  and  their  compounds.  The 
f!frtneni.  frlafiK,  clay,  and  alkali  industries  are  considered,  and 
«i«m^jntarj  metallurc:?-  if  Introduced  in  connection  with  the  more 
injjKjrtani  metals. 

I*rereq ulfilte:    Course  I 

Text:    Smith.  General  Chemistry  for  Colleges 

Lrfn'.tures  and  rfntitutioiif^  f]\'f  hnurs  &  week  during  the  second 
f4f!nieKier  of  the  freHiimaii  ypBT 

Rftjuired   ol   til;   smhi^-iiTs  <  L.  D.  Roberts.) 

Ill      C'lAlJ^AT.Ar   /\Ai,">->;i>     Lectures 

T\\i  ji*Mif  i.""s  >.'  Mu.  >.  '  f  f.iifilyf;if  are  emphasized  in  this 
coiirHf:  lAu  ■:>i.' 'p-'i  •ni  if  c  vfj.  rc  the  relative  solubility  of 
siihHtuiif'<'f,    :,:.'{j}  : '.-.I    ;.n(    -^'cDr-Mon  reactions,  and  the  reBCtioBS 
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laTolred  in  the  tyttematic  analysts  of  the  common  inorganic 
substances.  The  aim  of  tliis  coarse  is  to  teach  rapid,  accurate 
analjrticai  analjrsis  methods  and  to  serve  as  an  introduction  to 
quantitative  analysis. 

Prerequisite:  Entrance  requirements 

Texts:  A.  A.  Noyes,  Qualitative  Analysis 

TreadwellHall.  Analytical   Chemlatry,  Vol.  1 

One  hour  a  week  during  the  first  semester  of  the  freshman 
yotr 

Required  of  all  students.  (L.  D.  Roberts.) 

rv    QUAUTATIVB  ANALYSIS     Lectures 

This  is  a  continuation  of  Course  III  and  deals  with  the  prob- 
lems involved  in  the  solution  of  minerals,  alloys,  industrial  and 
commercial  products  and  with  their  special  methods  of  analysis. 

Prerequisites:  Courses  I  and  III 

Texts:  A.  A.  Noyes,  Qualitative  Analysis 

Treadwell-HaU,  Analytical  Chemistry,  Vol.  1 

One  hour  a  week  during  the  second  semester  of  the  fresh- 
man year. 

Required  of  all  students.  (L.  D.  Roberts) 

V  QUAUTATIVE  ANALYSIS     Lal^ratory 

This  covers  the  separation  and  detection  of  the  cations  and 
anions  involved  in  the  analysis  of  solutions  and  dry  substances. 

Prerequisite:  Entrance  requirements 

Texts:  A.  A.  Noyes,  Qualitative  Analysis 

Treadwell-HaU,  Analytical  Chemlttry,  Vol.  1 

Six  hours  a  week  during  the  first  semester  of  the  freshman 
year. 

Required  of  all  students.  (L.  D.  Rol>erts,  Botkin) 

VI  QUAUTATIVB  ANALYSIS     laboratory 

This  is  a  more  advanced  qualitative  analysis  and  includes 
the  separations  and  detections  involved  In  the  analysis  of  ores, 
slags,  alloys,  industrial  and  commercial  products,  and  some  of 
the  rarer  elements. 

Prerequisites:  Courses  I,  m,  and  V 

Texts:  A.  A.  Noyes,  Qualitative  Analysis 

TreadwellHall,  Analytical  Ctiemlstry,  Vol.  1 

Six  hours  a  week  during  the  second  semester  of  the  fresh- 
man year. 

Required  of  all  studenu.  (L.  D.  Roberts,  Botkin) 
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Vn    QUANTITATIVE  ANALYSIS    Locturaa 

The  aim  of  this  course  la  to  study  the  general  princlplea  ot 
gravimetric  aaalTBia  as  applied  to  simple  precipitation  methods, 
and  tlie  principles  of  volumetric  analysis  as  applied  to  titration 
methods  wblch  involve  the  use  of  acids  and  alkalies. 

Prerequisites:  Courses  IV  and  VI 

Texts:  Olsen,  Quantitative  Analysis 

Botkln,  Quantitative  Determinations 

One  hour  a  week  during  the  Orst  semeeter  of  the  sophomore 
year. 

Required  of  all  students.  (Botkln) 

VIII  QUANTITATIVE  ANALYSIS     Lectures 

This  course  invotves  a  study  of  oxidation,  reduction,  electro- 
lytic methods  and  the  application  of  the  methods  most  frequently 
used  in  the  analysis  of  ores,  slags,  alloys,  and  industrial  products. 
Prerequisite:  Course  VII 

Texts:  Olsen,  Quantitative  Analysis 

Botkln,  Quantitative  Determinations 
One  hour  a  week  during  the  second  semester  of  the  sopho- 
more year. 

Required  of  all  students.  (Botkln) 

IX  QUANTITATIVE  ANAI-YSIS     Laboratory 

Simple  salts  are  analyzed  gravimetrial];:  standard  solutions 
are  prepared  and  unknown  substances  are  determined  by  titra- 
tion methods. 

Prerequisites:  Courses  IV  and  VI 

Tests:   Olsen.  Quantitative  Anaiyiia 

Botkln,  Quantitative  Determinations 
Six  hours  a  week  during  the  first  semester  of  the  sophomore 

Required  of  all  students.  {L.  D.  Roberts,  Botkin) 

X  QUANTITATIVE  ANALYSIS     Laboratory 

The  course  deals  with  mineral  analysis,  including  mainly 
volumetric  methods  and  Iheir  application  to  industrial  and 
smeller  practice.  Simple  allciys.  ores  of  the  common  metals. 
slags,  and  mattes  are  analyzed. 

Prerequisites:   Courses  V[l  and  IX 

Texts:   Olsen,  Quantitative  Analysis 

ildtkiii.  Quantitative  Determinations 
Six  boms  n   w-rk   iliiriri!   (!»>   second   semester  of  the  soph- 

Reqiiirprl  (>(  :iil  -iiiilinr..,  ( [..   D,  Roberts,  Botkln) 


ft 
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XI  AOVANCBD  QUANTITATIVB  ANALYSIS    L«ctur«s 

Credit  one  hour 

This  work  Is  an  eztensioii  of  the  quantltatlTe  analysis  of  the 
sophomore  year  and  inclades  determinations  of  salphar,  silica, 
phosphorus,  chromium,  molybdenum,  tungsten,  vanadium,  tita- 
nium, and  uranium  In  ores,  and  the  analysis  of  waters  and  boiler 
scale. 

Prerequisites:  Courses  Vni  and  X 

Text:  Low,  Technical  Methods  of  Ore  Analysis 

References:  Lord  and  Demorest,  Metallurgical  Analysis 
One  hour  a  week  during  the  lirst  semester  of  the  junior  year. 
Required  In  Group  III.  (Botkin) 

XII  ADVANCED  QUANTITATIVB  ANALYSIS     Laboratory 
Credit  two  hours. 

Laboratory  practice  to  cover  subjects  treated  in  Course  XI. 

Prerequisites:  Courses  VIII  and  X 

Text:  Low,  Technical  Methods  of  Ore  Analysis 

Reference:  Lord  and  Demorest,  Metallureieal  Analysis 
Six  hours  a  week  during  the  first  semester  of  the  junior  year. 
Required  in  Group  III.  (Botkin) 

XIII  METALLURGICAL  ANALYSIS     Lectures 
Credit  one  hour. 

This  course  is  to  familiarise  the  student  with  the  analytical 
methods  used  in  conjunction  with  metallurgical  processes.  The 
subjects  tau^t  are  the  technical  methods  connected  with  the 
metallurgy  of  iron  and  steel,  sine,  lead,  copper,  bismuth,  mercury, 
cadmium,  tin,  nickel,  cobalt,  and  the  rarer  elements  of  com- 
mercial importance. 

Prerequisites:  Courses  VIII  and  X 

Text:  Lord  and  Demorest.  Metallurgical  Analysis 
References:  Johnson,  Chemical  Analysis  of  Special  Sleels, 

Steel-Making  Alloys  and  Qraphltes 
Scott,  Standard  Methods  of  Chemical  Analysis 

One  hour  a  week  during  the  second  semester  of  the  junior 


Required  of  Group  III.  (Botkin) 
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XIV  METALLURGICAL  ANALYSIS     Laboratory 

Credit  two  hours. 

Laboratory  practice  to  cover  subjects  treated  in  Course  Xm 
Prerequisites:  Courses  Yin  and  X 

Text:  Lord  and  Demorest,  Metallurgical  Analysis 
References:  Johnson,  Chemical  Analysis  of  Special  Steels, 

Steel-Making   Alloys  and  Graphites 
Scott,  Standard  Methods  of  Chemical  Analysis 

Six  hours  a  week  during  the  second  semester  of  the  Junior 
year. 

Required  of  Group  III.  (Botldn) 

XV  PHYSICAL  CHEMISTRY     Lectures     (ElectiYe) 

Credit  two  hours. 

A  study  of  the  laws  and  theories  underlying  chemical  phe- 
nomena from  the  standpoint  of  their  application  to  the  problems 
of  the  chemist  and  the  metallurgist.  Some  of  the  subjects  con- 
sidered are:  theories  of  atomic  structure  and  properties;  the 
periodic  law;  solutions;  electroljrtes;  colloids;  chemical  equilib- 
rium: velocity  of  chemical  action;  catalysis  and  thermo-chem- 
isiry. 

Prerequisites:   Courses  VIII  and  X 

Text:   Walker.  Introduction  to  Physical  Chemistry 
References:   Senter,  Outlines  of  Physical  Chemistry 

Washburn,  Principles  of  Physical  Chemistry 

Two  hours  a  week  during  the  first  semester  of  the  junior 
year.  iBotkin) 

XVI  OIL  AXD  OIL  SHALE  ANALYSIS     Laboratory    (Elective) 

Credit  one  hour. 

This  course  includes  a  study  of  the  dtstillation  of  oil  shale 
and  of  the  refining  methods  for  shale  oil  and  petroleum.  In  the 
laboratory  oil  shales  an?  analyiexi  for  yield  of  oil  and  ammonium 
sulphate.  Tests  are  maie  on  crade  petroleum  and  shale  oil  to 
determine  the  s?<ec:nv:  i:rav::y.  lash  point,  viscosity,  solidifying 
point,  per  cen:  o:  -va'-??  and  su'p^iur.  yield  or'  gasoline,  kerosene, 
lutrl:a::ni:  :.  7orj.:fn  :ckr  asrhal:.  and  aromatic  hydrocar- 
bons. 
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Prerequisites:  Chem.  VIII  sod  X 
References:   Bulletin  641 F,  U.  8.  Q.  8. 
Bulletin  581A,  U.  8.  Q.  8. 
Longe.  Vol.  Ill,  Part  I 
Bacon  and  Hamor.  Vol.  I  and  II 

Three  hoars  a  week  during  first  semester  of  the  senior  year. 

(Botkin) 

XVII    ROCK  ANALYSIS     Laboratory     (ElecUve) 

Credit  one  hour. 

Analysis  of  rocks,  clays  and  the  materials  used  in  the  potash 
Industry. 

Prerequisites:  Courses  VUI  and  X 

References:  Hillebrand,  The  Analysis  of  Silicate  and  Car- 
bonate Rocks 

Washington,  Manual  of  the  Chemical  Analy- 
sis of  Rocks 

Three  hours  a  week  during  the  second  semester  of  the  senior 
year.  (U  D.  Roberts) 


Ijttcal  and  «pplted  mechanics,  stractnni  deatgn,  and  liTdntiillca. 

1     THEORY  OP  PLANE  SURVBTING     LMrtur«a 

Id  tblB  coune  tbe  student  is  Brat  mnde  runlllar  wttb  the 
vaiions  kinds  of  surveying  Instruments  nnd  their  naee.  Careful 
inatmction  in  the  elementary  principles  of  surerlnK,  snpple- 
'  mented  with  numeroos  eiuuples  corerins  averr  phase  of  the 
work  Is  desisned  to  make  the  student  both  r^M  and  accurate 
In  the  caicalations  Of  the  Tarious  kinds  of  problems  Ukelj  to  be 
met  with  in  this  worb.  Tbe  course  is  sfstematically  arranged, 
taking  up  Orat  genenU  methods  of  measurement  by  means  of  the 
steel  tape  or  chain,  comparison  to  a  standard  unit  at  a  given 
temperature,  followed  bv  examples  in  the  making  and  reduction 
of  transit  and  level  notes,  togetber  with  a  brief  studj  of  stadia 
and  plane  table  methods.  City.  land,  and  railroad  Burveying  are 
taken  up  in  turn,  together  with  parting  o(  land,  traverses,  and 
tbe  more  simple  cases  of  irlangulation:  also  the  reduction  of 
solar  ot>servaiiong  for  a  true  meridian.  The  student  is  especially 
impressed  with  the  importance  of  minute  obsenratlon  and  the 
keeping  o(  clear  and  concise  notes. 
Prerequisites:  Math.  I  and  II 

Text:    Breed   and   Hosmer,   Plane   Surveying,   Vol.   I 
References:  Johnson  and  Smith.  Theory  and  Practice  of 

Breed  ac-i  Hosmer.  Higher  Surveying,  Vol.  2 

Wilfc?..  Topographic  Surveying 

Tra.-y.  Plane  Surveying 
One  ti-::?  ,;   "-,,>,    '.ir:--^   rVe   'eooci!   semester  of  the  fresh- 
ttan  year 

Kf^--.  ,;         ..■     -:      ,:::.  tSeUer) 
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II     PRACTICE  OP  PLANE  SURVEYING     L«€turM  and   FUld 
Work 

The  field  work  Id  plane  surveying  la  conducted  In  the  vicin- 
ity of  Golden  and  takes  up  the  actual  work  of  chaining,  the  run- 
ning of  peg  and  profile  levels,  trlangulatlon.  traversing,  and 
numerous  exercises  with  the  transit.  A  topographical  map  of 
an  extended  territory  Is  made  hy  each  squad  with  the  transit 
and  stadia.  In  addition,  several  days  are  spent  with  the  plane 
table  In  rapid  mapping.  At  all  times  the  combination  of  accuracy 
with  economy  of  time  Is  emphasised.  Lectures  are  held  as  often 
as  necessary  to  give  detailed  Instruction  In  the  adjustment  and 
manipulation  of  Instruments. 

Prerequisite:  Course  I 

References:  Searles,  Field  Engineering 

Pence  and  Ketcbum,  Surveying  IManual 
Johnson  and  Smith,  Theory  and  Praotloe  of 

Piano  Surveying 
Breed  and  Hoamer,  Higher  Surveying,  Vol.  2 
Wilson*  Topographio  Surveying 

Six  weeks  In  the  summer  following  the  cloao  of  the  froah- 


Required  of  all  students.  (Seller) 

III     MECHANICS  OP  ENGINEERING    Loeturoa 

Credit  three  hoars. 

This  coarse  comprises  a  study  of  elastic  bodies;  stresses 
and  strains:  compression,  shear:  torsion  and  flexure: 
combined  stresses ;  safe  loads:  obllqae  forces:  long  columns: 
books:  simple  and  contlnooos  beams.  The  coarse  also  Includes 
a  brief  stady  of  the  grapiiical  method  of  determining  the  elastic 
curve  and  deflection  of  beams  under  loajl,  and  kmg  columns  un- 
der eccentric  loading. 

Prereqaisite:   Physics  V 

Texts:  Boyd.  Strotigtii  of  Materlaia 

Greene.  Structural  Modianica 

References:  Merrimaa.  MoelMMiioa  of  RHatorlala 

Burr.  Klaacicity  m%d  Haalalawos  of  tlio  Mato- 

rlaia  of  tngiwooring 
Lama,  Applied  Moetiaitloa 
Cambria  and  Carnegie  Handbooks 

Three  hours  a  week  daring  the  second  semester  of  the  junior 

r. 

Roqnirod  In  Oronps  I.  II.  ni.  and  IV  (Seller) 
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IV  TESTING  LABORATORY     (ElecUve) 

Credit  two  hours. 

In  this  course  tests  are  made  to  determine  the  strength  and 
resistance  of  building  materials,  such  as  cast  iron,  wrought  iron, 
steel*  plain  and  reinforced  concrete,  and  wood  In  tension,  com- 
pression, and  shearing.  Stone  and  brick  are  examined  for  abra- 
sion, absorption,  disintegration,  and  other  qualities  which  deter- 
mine their  economic  values.  Morever,  a  wide  range  <^  experi- 
ments are  made  on  statically  indeterminate  structures  to  find  the 
reactions,  for  which  empirical  formulae  are  deduced.  Eiarth 
pressures  on  retaining  walls  are  experimented  with  and  methods 
for  proper  designs  are  developed.  Tests  of  cement  are  made  as 
specified  by  the  American  Society  for  Testing  Blaterials. 

Prerequisite:  This  course  must  be  taken  in  conjunction  with, 

or  subsequent  to.  Course  in 

References:      Merriman,  Mechanics  of  Materials 

Burr,  Elasticity  and  Resistance  of  \he  Mate- 
rials of  Engineering 
Lanza,  Applied  Mechanics 
Martens,  Handbook  of  Testing  Materials 
Hatt   and   Schofield,    Laboratory    Manual    of 
Testing  Materials 

Six  hours  a  week  during  the  second  semester  of  the  junior 
year.  (Seller) 

V  HYDRAUUCS     Lectures     (Elective) 

Credit  two  hours. 

This  course  opens  with  a  brief  treatment  of  hydrostatics, 
taking  up  the  properties  of  fluids  in  motion,  and  includes  the 
flow  of  liquids  through  pipes  and  orifices  and  over  weirs;  fluid 
friction  and  consequent  losses  of  head.  Special  emphasis  is 
placed  on  Bernoulli's  Theorem  or  the  theorem  of  conservation 
of  energy,  as  the  basis  for  the  solution  of  all  problems  relating 
to  the  flow  of  water  in  pipes  and  channels.  The  student  is  made 
familiar  with  empirical  formulae  which  have  been  deduced 
through  experiment  by  recognized  authorities  on  hydraulics  and 
numerous  and  varied  problems  involving  the  flow  of  water 
through  pipes,  are  solved,  and  graphical  methods  for  solving 
resultant  equations  which  cannot  be  evaluated  analytically  are 
illustrated.  The  impulse  and  resistance  of  fluids  is  studied;  the 
action  of  piinu'S  iw.Ci  rams:  the  impulse  water  motor;  overshot, 
breast,  and  undtislu't  waier  wheels:  back  water;  theorem  for 
flow   in   revolving:   pipe,    luri^inp   and   reaction   wheels. 


r    7- 
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Prerequisite:  Physics  V 

Text:  Dsagberty,  Hydraulics 

References:  Menimsn,  Treatise  on  Hydraulics 
Hughes  and  Safford,  Hydraulics 
Russell,  Textbook  on  Hydraulics 
Church,  Hydraulics 

Two  hours  a  week  during  the  second  semester  of  the  senior 

(Seller) 


VI    HYDRAQUCS     Laboratory     (BlecUre) 

Credit  one  hour. 

Measurements  are  made  of  flow  orer  weirs,  through  ort- 
floes,  and  through  flumes  and  ditches.  The  determination  of  the 
experimental  law  of  flow  in  pipes  also  forms  part  of  the  course. 
Water-wheels  and  centrifugal  pumps  are  tested  and  their  effl- 
dency  under  Tarious  conditions  is  determined. 

Prerequisite:  This  course  can  be  taken  only  in  conjunction 

with  Course  V 

References:  Church,  Hydraulics 

Merriman,  Treatise  on  Hydraulics 
Williams  and  Hasen,  Hydraulic  Tables 
King,  Handbook  of  Hydraulics 

Three  hours  a  week  during  the  second  semester  of  the  senior 

(SeUer) 


Vn    SNOINEERINO  CONSTRUCTION     Lectures  end  Drawing 
(Blecthre) 

Credit  two  hours. 

In  this  course  instruction  Is  giren  in  graphical  analyais  of 
the  stresses  of  framed  structures  of  the  simpler  forms.  Com- 
parison is  made  with  the  algebraic  solutions  of  the  same  prob- 
lems as  Car  as  possible.  The  design  of  roof  and  bridge  trusses 
la  steel  Is  then  taken  up  from  the  theoretical  and  practical 
points  of  Tiew.  Steel  mill  buildings  are  thoroughly  discussed, 
an  analysis  of  all  stresses  inrolTed  is  made,  and  a  complete  de- 
sign Is  required  from  each  student  In  connection  therewith  the 
forms,  corering,  lighting,  rentilstlon,  erection,  and  similar  top- 
ics are  carefully  considered.  The  design  and  construction  of 
steel  head-frames  and  ore  bins  are  taken  up  In  detail. 

Prerequisite:  This  course  msy  be  taken  only  with  the  con- 
sent of  the  instructor 

TezU:  Ketchum.  Steel  Mill  Buildings 

Notes 


he) 
Credit  two  bonrB. 

This  covne  is  k  stndr  of  the  methods  of  frftmlns  heavy  tim- 
ber. The  stndent  ta  flrst  made  bmillsr  with  th«  terms  of  tram- 
Inc  watii  as  bonalng,  notching,  mortise  and  tenon.  doTOtslUng, 
lag-screws,  dowels  and  Ings,  and  from  accepted  nnit  stresses,  he 
Is  led  to  design  Joints,  splices,  deepened  beams,  trussed  beams, 
and  head-frames  from  wood.  A  complete  dealsn  of  a  combina- 
tion wood  and  steel  tmss  Is  required  from  each  student.  A  brief 
stDdy  is  made  of  the  ordinary  Umbers  used  in  constnictitm,  and 
the  best  modem  methods  of  protecting  them  from  the  action  of 
the  elements  and  vood-destroylDg  Insects. 

Prerequisite:  This  conrse  may  be  taken  only  with  the  con- 
sent ol  the  Instractor 
Texts:  Jacoby,  Structural  Details 
Lecture  Note* 
Reference:  Kidder.  Architect's  and   Builder's  Pocketbook 
Lectures  and  drawing  six  hours  a  week  during  the  second 
semeeter  of  tbe  senior  veer  (Seller) 

IX  HYDRA  ILJC  l.\TESTIGAT10NS  Lectures.  Laboratory, 
and  Field  Work    {Elective) 

Credii  two  hour?. 

This  is  an  advanc-ed  course  in  hydraulics,  in  which  the  Btu- 
dem  i£  led  into  the  more  practical  field  of  making  Investigations 
of  water  power  and  various  other  hrdraulic  inslatlaiions.  Practi- 
cal problems  omitted  in  previous  courses  because  of  tbeir  greater 
difficulty  are  here  deall  nith  in  a  practical  way  and  according 
to  latest  and  best  engineering  practice.  Water  pipe  problems 
met  with  in  various  etiiiineerini:  installations  are  taken  up  and 
solved.  Severs!  sireanis  :ind  waTer  power  sites  within  a  radius 
of  1'"'  miles  .ire  -  Viin-,ir.e,;  a:;.:  rri-orts  as  \a  power  available  and 
feasit>i'.iiy  of  .'.tH'.  v-.-.:^:::  iir<-  s ■.;":■  n:::te<l.  while  the  student  to 
made  'ii:;-.:'...-  -  '.-.  '.-  '  ::  rwr.:  .^r.d  in  discussions,  with  the 
grvj;  vjT.,-.  ■..■.,:■.>   ■>..■,'■.  -ay  .iffect  any  installation  and 

its  ,.->;-  ■       ■i",.-      ^   .  -  :-i  .-•  aa:er  wheels  are  exaubied 
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mdtupimd  to  c«rtaiii  coDdlUons,  and  what  are  the  main  features 
which  enter  Into  their  deelsn.  Flnallj  the  student  la  required 
to  make  a  surrey  of  a  water  power  site,  execute  a  map  or  draw- 
Inc  showlnff  a  complete  general  design  and  layout  of  Installa- 
tion, accompanied  with  a  full  report  covering  all  details  of  de- 
sign, power  available.  Income  of  plant.  Initial  and  operative  costs, 
and  thus  arrive  at  the  charge  to  be  made  for  power  developed. 

Prerequisite:  This  course  may  be  taken  only  with  the  con- 
sent of  the  Instructor. 

References:  King.  Handbook  on  Hydraulics 
Mead,  Water  Power  Knglneerlng 
Marks,  Mechanical  Engineer's  Handbook 
Williams  and  Hasen,  Hydraulic  Tablee 
American  Civil  Knglneere*  Pocketbook 
Vol.  12,  Transactions,  American  toclety  of 
Civil  Engineers 

Laboratory  and  Held  work  six  hours  a  week  during  the  sec- 
ond semester  of  the  senior  year.  (Seller) 
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COAL  MINING 


Jamea  Cole  Roberts,  Profetaor 


I    PRINCtPLBS  OF  COAL  IdNING    Lecturas 
Credit  two  hoars. 

The  subjects  diacnssed  in  this  course  are:  distribution  snd 
occurrence  of  coal;  tbe  world's  production  and  sTallable  snpplr 
ol  coal  and  coke,  with  special  reference  to  tbmt  of  the  different 
states;  the  losses  each  year  as  compared  with  production;  the 
origin  of  coal;  classification;  general  geol<^cal  features  of  coal- 
bearing  areas,  together  with  the  geo1(%ical  and  structural  fea- 
tures twartng  on  the  economical  mining  of  coal;  the  proepecting 
of  coal-bearing  areas  by  surface  examinations,  prospect  machines, 
drifts,  and  drill  holes;  tbe  different  tj'pes  of  drilling  machines 
with  the  rate  and  cost  of  boring  in  different  strata:  examination 
and  reporting  on  developed  and  undeveloped  coal  properties; 
preparation  of  coal  by  wet  and  dry  processos;  nltOlzation  of 
fuels;  manufacture,  handling,  and  utlliuUtHi  of  wood,  charcoal, 
peat,  lignite,  bituminous  and  anthracite  coals,  coke,  petroleum, 
natural  and  artificial  gas.  Students  are  required  to  visit  aud 
witness  actual  mining  operations. 

RefereDces:    Hughes.  Textbook  of  Coal  Mining 

Redmayue.   Modern   Practice  in   Mining 

Mayer.  Mining  Methods  in  Europe 

B«ard,  Mine  Ventilation 

B^ard.  Mine  Gases  and  Explosion 

Wilson.    Mine  Ventilation 

Wabner.  Ventilation  of  Mines 

Somprmeier.  Coal.   It*  Compoaition,  Analysis, 

Utjitiation.  and  Valuation 
Coal  Mlnen'  Pocketbook 

I'ni;^    Slates   Bureau  of  Mines.  Publications 
Two  hours  a  «?ek   livirin^  The  first  semester  of  tbe  junior 

Requirerl  ;c  C.r  ur   H  *J.  C.  Roberts) 

H     METHOD?   or  CO  a:.   ^'.:NI^■^1      Lectures 
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and  compared;  the  dip  and  thickness  of  coal  seams;  character 
of  roof  and  floor  or  walls  of  vertical  seams;  drivins  and  sinking 
through  rock  and  coal;  surface  stripping  and  mining  bj  steam 
shorels;  longwall,  room  and  pillar,  panel,  and  other  systems; 
advancing  and  retreating  systems;  the  driving  of  entries,  rooms, 
and  crosscuts;  width  of  rooms  and  pillars  in  thick  and  thin 
•earns  of  coal;  drawing  of  pillars;  the  proportion  of  coal  that 
can  be  safely  and  economically  taken  in  advance  work;  methods 
of  working  thick  and  thin  seams,  lying  flat,  rolling,  pitching,  or 
vertical;  methods  of  working  overlying  seams  with  special  ref- 
erence to  the  recovery  of  the  largest  possible  yield  of  coal  to  the 
acre;  shooting  off  the  solid;  undercutting  of  coal  by  hand  (pick 
mining)  and  by  machines:  the  operation  of  the  various  types 
of  coal  cutters,  punches,  and  shearers,  with  special  reference 
to  the  economy  of  each  type  and  the  conditions  nnder  which 
each  may  be  used  to  advantage;  single,  double,  and  multiple 
•ntry  systems  compared;  surface  subsidence;  culm  flushing  as 
practiced  in  the  anthracite  regions  of  Pennsylvania. 

References:  Hughes,  Textbook  of  Coal  Mining 

Redmayne,  Modern  Practice  In  Mining 

Mayer,  Mining  Methods  in  Europe 

Beard,  Mine  Ventilation 

Beard,  Mine  Gases  and  Explosion 

Wilson.  Mine  Ventilation 

Wabner,  Ventilation  of  Mines 

Somermeier,  Coal,  Its  Compoeitlon,  Analysis* 

Utilization,  and  Valuation 
Coal  Miners'  Pocketbook 
United  SUtes  Bureau  of  Mines,  Publications 

Two  hours  a  week  during  the  secdnd  semester  of  the  junior 
year. 

Required  in  Group  n.  (J.  C.  RobcrU) 

m    PRACnCBS  OF  COAL  MINING     Lectures 

Credit  two  hoars. 

Timbering  of  shafu,  slopes,  drifts,  entries,  rooms,  and  cross- 
cuts, by  the  use  of  wood,  steel,  and  concrete,  with  the  relative 
merits  and  costs  of  each;  haulage  systems;  hand  tramming; 
mules  or  horses;  rope;  compressed  air;  electric  and  gasoline 
locomotives,  hoisting;  operation  of  various  types  of  hoisting 
engines,  using  steam,  compressed  air.  or  electricity:  cages;  head- 
frames  and  tipples;  drainage;  sources  of  mine  water,  iu  control 

ejectment. 
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References:  Hughes,  Textbook  of  Coal  Mining 
Kerr,  Practical  Coal  Mining 
Redmayne,  Modem  Practice  of  Mining 
Duncan  and  Penman,  Electrical  Equipment  of 

Collieries 
Shearer,  Electricity  in  Coal  Mining 
Pamely,  Colliery  Managers'  Handl>ook 
Coal  Miners'  Pocketbook 
United  States  Bureau  of  Mines,  Publications 

Two  hours  a  week  during  the  first  semester  of  the  senior 
year. 

Required  in  Group  n.  (J.  C.  Roberts) 

IV  COAL  MINING    Laboratory 

Credit  one  hour. 

This  course  cpnsists  of  field  work  in  prospecting  and  examin- 
ing coal-bearing  lands,  following  outcrops  with  actual  practice  in 
operating  prospecting  drills,  and  yisits  to  points  where  drilling 
operations  are  carried  on;  sampling  of  outcrops  and  coal  in 
the  mine;  sampling  of  carload  lots  of  coal  in  the  yards,  and  on 
the  tipple  of  operating  mines;  cutting  down  and  preparing 
samples  for  analysis,  the  analysis  of  the  samples  is  taken  up 
under  C.  M.  IX.  Elach  student  is  required  to  undercut,  shoot,  and 
load  out  a  coal  face  by  hand  (pick  mining)  and  by  each  type  of 
machine,  to  familiarize  himself  with  the  dilferent  types. 

References:   Hughes,  Textbook  of  Coal  Mining 
Kerr,  Practical  Coal   Mining 
Redmayne,  Modem  Practice  in  Mining 
Duncan  and  Penman,  Electrical  Equipment  of 

Collieries 
Shearer.  Electricity  in  Coal  Mining 
Pamely.  Colliery  Managers'  Handbook 
Coal  Miners*  Pocketbook 

United  States  Bureau  of  Mines,  Publications 
The  Trade   Catalogues 

Three  hours  a  week  during  the  first  semester  of  the  senior 
year. 

Required  in  Group  II  (J.  C.  Roberts) 

V  PRACTICES  OF  COAL  MINING     Lectures 

Credit  two  hour?. 

This  course   :s  a  oor.tinuation  of  Course  III. 

Two  hours  a  w.^k  r.ruc  :ho  second  semester  of  the  senior 
year 

Rev:.r-.i   u.   •-:  {J.  C,  P« 


r 
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VI     COAL  MINB  EQUIPMENT     LecturM 
Cradlt  two  hours. 

ThU  ooune  tnclades  a  study  of  typical  mine  constructions, 
•acb  as  headfnunes,  tipples,  breaker  machinery,  rolls,  screens, 
and  rarlons  types  of  coal  cutting  machines,  mechanical  derlces 
tor  loadlna  coal  Into  pit  cars;  types  of  pit  cars,  with  special 
emphasis  on  tight  end  cars  and  rotary  dumps;  rarlous  types 
of  mine  fans  and  their  housing;  automatic  weighing  derlces;  box 
car  loaders. 

References:  Hughes,  Textbook  of  Coal  Mining 
Kerr,  Practical  Coal  Mining 
Redmayne,  Modem  Practice  In  Mining 
Duncan  and  Penman,  Electrical  equipment  of 

Collieries 
Shearer,  Electricity  In  Coal  Mining 
Pamely,  Colliery  Managers'  Handbook 
Coal  Miners'  Pocketbook 
United  States  Bureau  of  Mines,  Publications 
The  Trade  Catalogues 

Two  hours  a  week  during  the  second  semester  cf  the  senior 
year. 

Required  In  Group  II.  (J.  C.  Roberts) 

VU     BCONOMICS  OF  COAL  MINING    Lectures 

Credit  one  hour. 

The  subjects  taken  up  In  this  course  are:  general  con- 
ditions that  should  precede  the  opening  of  coal  mines,  such  as 
topography,  title,  climatic  conditions,  transportation  facilities, ' 
possible  townslte  and  living  quarters  for  workmen  and  their 
fiamUies.  available  water  supply,  administration  and  superin- 
tendence; contract  system  as  opposed  to  day  labor;  costs  of 
operation;  maintenance,  depreciation,  and  amortisation;  methods 
of  acquiring  coal  lands  from  the  government  and  Individuals; 
kisslnc  of  coal  lands;  market  and  trade  conditions;  preparation 
of  coal  for  different  markets:  selling  price  of  ooal  as  compared 
with  cost  at  the  mines;  freight  rates  to  various  markets  and  oost 
of  ooal  to  the  consumer;  company  charges  for  Insurance,  physi- 
cians, and  bospitals;   disposal  of  unsalable  products. 

Ono  hour  a  week  during  the  second  semester  of  the  senior 


Reqairod  in  Group  XL  (J.  C.  RoberU) 
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VIII  COAL  MINING     Laboratory 

Credit  one  hour. 

This  course  is  a  continuation  of  Course  IV  and  includes  in 
addition  a  critical  study  of  typical  mine  constructions,  with 
preparation  of  working  drawings  of  cages,  cars,  headframes,  and 
tipples. 

References:  Trade  Catalogues 

Three  hours  a  week  during  the  second  semester  of  the  senior 
year. 

Required  in  Group  II.  (J,  C.  Roberts) 

IX  FUEL  AND  GAS  ANALYSIS     Laboratory 

Credit  one  hour. 

This  course  consists  of  the  proximate  and  ultimate  analysis 
of  coal;  the  calorific  value  of  gaseous,  liquid,  and  solid  fuels; 
the  analysis  of  natural  and  artificial  gas,  fine  gas,  mine,  and 
furnace  gases. 

References:  Gill,  Gas  and  Fuel  Analysis  for  Engineers. 
U.  8.  Bureau  of  Mines  Publications 

Three  hours  a  week  during  the  second  semester  of  the  senior 

year. 

Required  in   Group  II.  (J.  C.  Roberts) 


">r^ 
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ELECTRICAL  ENGINEERING 


Frank  E.  E.  Q«rmann,  Professor  of  Physics  and 
Elsctrical   Enginssring 

Jossph    William    Qray,   Assistant    Profsssor   of 
Elsctrical  EnglnseHng 


It  is  the  desire  of  the  deiMutmeQi  to  make  the  electrical 
coorses  as  independent  as  possible,  that  the  student  may  hare 
oonsiderable  freedom  in  the  choice  of  his  work.  Since  there 
is  a  logical  sequence  of  studies  in  principle,  practice,  and  de- 
sign, it  is  highly  desirable  that  the  student  elect  his  courses  in 
groops.  Though  not  required,  it  is  strongly  recommended  that 
those  who  select  Groups  I.  II  or  IV  should  elect  ElB.  Courses 
I  to  VI,  indusiTe. 

I     DIRECT  CURRENT  MACHINEIRT     Lectures     (ElecUre) 

Credit  three  hours. 

This  course  includes  a  study  of  the  operating  principles  of 
direct  current  generators,  motors,  meters,  switchboards,  and 
auxiliaries,  field  and  usefulness  of  each  type,  methods  of  con- 
nection and  control,  use  snd  care  of  storage  batteries,  and  the 
calculation  of  circuits. 

Prerequisites:  Physics  HI  and  IV 

Text:  Gray,    Principles   and    Practlcs   of   Electrical 
Engineering 

References:  Morse,  Storage  Batteries 

Crocker  snd  Arendt,  Electric  Motors 
Lyndon.  Storage  Battery  Engineering 
Langsdorf.  Principles  of  Direct  Current  Ma- 

chines 
Franklin  and  Bsty,  Elements  of  Electrical  En- 
gineering, Direct  Currents 

Three  hours  a  week  during  the  first  semester  of  the  junior 

(Gray) 


n    DIRECT  CURRENT  MACHINERY     Laboratory     (BlecUTe) 

Credit  one  hour. 

In  this  work  the  common  types  of  Toltmeters.  ammeters,  and 
wattmAters  are  studied  and  calibrated;  and  the  common  genera* 


year.  (Gray) 

III  ALTERNATING  CURRENT   MACHINERY     Lflcturea 

(BlecUTS) 
Credit  three  hours. 

The  plan  of  thla  course  Is  similar  to  thst  of  Course  I,  but 
treats  of  alternating  current  principles  and  apparatus,  generators, 
and  motors  with  their  auxiliaries  and  characteristlca,  trans- 
formers, rectlflera,  and  convertera.  and  the  calcalatlon  of  elngle 
and  three  phase  circuits. 

Prerequisites:   Physics  III  and  IV 

Text:  Gray.    Principlea   and    Practice   of   Electrical 
Engineering 
References:    Miller.  American  Telephone  Practice 
Van  Deventer.  Telephonology 
Lawrence,   Principles  of  Alternating   Current 

Machinery 
Bailey.  The  Induction  Motor 
Franklin    and    Esty.    Elements    of    Electrical 

Engineering,  Alternating  Currents 
Jangky.  Electrical   Meters 
Three  hours  a  week  during  the  second  semester  of  the  junior 
year.  (Gray! 

IV  ALTERNATING   CIRRENT    MACHINERY      Laboratory 

(Elective) 

Credit  one  hour. 

A  study  is  first  made  of  ilie  iiliernaiiDg  current  Instruments 
which  are  subsequently  iisi>d  ia  the  experimental  work.  This  is 
followed  by  a  variety  of  experiments  on  inductive  Circuits. 
Transformers  are  connected  and  used  in  many  ways.  The  start- 
ing and  ninniiii:  (■h;ir;\cc.Misiios  of  induction  motors  are  studied 
under  ncrnuil  lon.iinoii^  .'lud  under  some  abnormal  conditions 
that   aro   froiimni   ,m';-^.  ~   of  i^O'ibk'.      Synchronising  Is  done   In 
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Prtreqnlsltet:  Refittratlon  in  Course  E.E  HI  or  an  eqalva- 

lent  preparation 

References:  Swenton  and  Prankenfleld.  Testing  of  Kleo- 

tromagnetic  Machinery,  Vol.  2 
Karapetoff,  Experimental  Electrical  Engineer- 
ing, Vol.  2 

Three  hours  a  week  during  the  second  semester  of  the  junior 
year.  (Gray)     * 

V  EI.£CTRICITY  APPLIED  TO  MINING    Lectures    (Elective) 

Credit  two  hours. 

The  characteristics  of  electrical  machines  and  auxiliaries 
which  are  adapted  to  the  needs  of  the  rarious  operations  of  mln- 
tag  and  mllllns  are  first  discussed  and  then  problems  hased  upon 
theee  principles  are  giTen.  The  applications  discussed,  include 
sarfkUM  plants,  air  compression,  fans,  drilling,  coal  cutting,  shot 
firing,  lighting,  haulage,  hoisting,  pumping,  dre^lging,  and  sig- 
naling. Foundations  for  electrical  machines  are  designed  and 
eircuita  discussed.  In  connection  with  electricity  applied  to 
metallurgical  work,  the  discussion  includes  motor  applications, 
control  and  protection,  the  production  of  current  for  electrolytic 
procesaea  and  furnaces,  magnetic  separation,  electrostatic  sepa- 
ration and  precipitation.  All  of  the  abore  subjects  are.  of  course, 
discussed  in  detail  by  the  special  departments  concerned  and 
only  the  electrical  features  are  considered  in  this  course. 

Prerequisites:  E.E.  I  and  II.  or  III  and  IV 

References:  Croft,  American  Electrician's  Handbook 

DaTiea.  Foundations  and  Machinery  Fixing 
Standard  Handbook  for  Electrical  Engineers 
Koester.     Hydroelectric     Developments    and 

Engineering 
UnderhiU.     Solenoids,     Electromagnets,     and 

Electromagnetic  Windings 
Coombe.  Pole  and  Tower  Lines 
Rosenthal.  Transmission  Calculations 
Lundquist,  Transmission  Line  Construction 
Shearer.  Electricity  In  Coal  Mining 
Duncan  and  Penman,  Electric  Equipment  of 

Collieries 

Two  hours  a  week  during  the  first  semester  of  the  senior 
year.  (Gray) 

VI  APPUED  ELBCTRICITT     Laboratory     (ElecUvc) 
Credit  two  hours. 

TIUs  is  the  laboratofT  coarse  accompanying  &B.  V.     It 
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with  "no  voltage"  and  "overload"  releases,  resistance  starters* 
automatic  contactor  starters,  motor  driven  fans,  and  various  tests 
of  generators  and  motors. 

Prerequisites:  E.E.  I  and  II,  or  in  and  IV 

Six  hours  a  week  during  the  first  semester  of  the  senior 
year.  (Gray) 

VII    ELECTRICAL  INSTALLATIONS     Lectures    (Elective) 

Credit  two  hours. 

This  is  primarily  a  design  course,  in  small  installations, 
though  the  work  may  be  varied  to  suit  the  needs  of  the  individual 
student.    Course  VIII  should  be  taken  in  conjunction  with  it. 

Prerequisite:  E.E.  V 

Text:  Brown,  Electrical  Equipment 

References:   Electrical   Handbooks 
Trade  Bulletins 
Catalogues 

Two  hours  a  week  during  the  second  semester  of  the  senior 
year.  (Gray) 

Vin     ELECTRICAL  INSTALLATIONS     Drawing    (Elective) 

Credit  two  hours. 

This  is  a  drawing  course  to  accompany  E.E.  VII 

Prerequisite:  Registration  in  E.E.  VII 

References:    Electrical  Handbook 
Trade  Bulletins 
Catalogues 

Six  hours  a  week  during  the  second  semester  of  the  senior 
year.  (Gray) 


THB  COLORADO  SCHOOL  OF  MINES  66 


ENGLISH 


LmII«  Fairbanks  Paull,  Aaslatant  Profttaor  of  Modem  Languagoa 


I  ENGLISH  COMPOSITION     Locturos 

Credit  one  hour. 

This  courae  la  deaigned  to  train  the  atudent  in  the  eaaen- 
tlala  of  Bnsllah  compoaition.  Practical  exerciaea  are  glyen  to 
doTelop  orderly  arranaement  and  clear  ezpreaaion  of  thought. 
A  atndy  la  made  of  the  relation  of  the  general  to  the  particular 
and  Ita  practical  application  In  writing  paragraphs  and  aubject 
outllnea. 

Texts:  Alderaon,  Miacellaneous  Faulty  Expreaaiona 
Wooley,  Handbook  of  Compoaition 

One  hour  a  week  during  the  flrat  semester  of  the  junior  year. 

Required  In  Groups  I,  II.  Ill,  and  IV.  (Paull) 

II  BUSINESS  CORRESPONDBNCB     Lectures 

Credit  one  hour. 

This  course  Is  a  continuation  of  Course  I.  It  alma  to  glre  a 
practical  graap  of  business  correspondence  and  to  famlllarlie  the 
atudent  with  the  type  of  BngUah  composition  requisite  as  a  basis 
for  profeaalonal  report  writing. 

Referencea:  Lewla,  Bualnaaa  Engliah 

Gallagher  and  Moulton,  Practical  Bualneaa 

Engliah 
Wooley,  Handbook  of  Compoaition 

One  hour  a  week  during  the  aecond  aemeater  of  the  Junior 
year. 

Required  in  Groups  L  11.  HI.  and  IV.  (Paull^ 

in    REPORTS    Lecturea 

Credit  one  hour. 

This  course  Is  designed  as  a  preparation  for  technical  writ- 
lag.  The  fundamentals  of  the  subject  are  studied  and  reports 
upon  aaalgned  topica  are  required  from  the  atudenta. 


On«  hour  a  week  during  the  flrat  semester  of  the  senior  year. 
Required  in  Groups  I,  II.  III.  and  IV.  (Paull) 

IV     TECHNICAL  WRITING     Lecturea 
Credit  one  hour. 

This  course  Is  a  continuation  of  Course  III.  The  principal 
object  Is  to  outline  the  best  methods  of  presenting  technical  sub- 
jects for  publication  and  for  private  reports. 

Reterences:  Sypherd,  Handbook  of  English  for  Engineers 
Barle,  Theory  and  Practice  of  Technical. 

Writing 
Rlckard,  A  Guide  to  Technical  Writing 
Watt,  Composition  of  Technical  Papers 
One  hour  a  week  during  the  second  semester  of  the  senior 
year. 

Required  In  Groups  1.  II,  III,  and  IV.  (Panll) 
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FINANCE 


victor  C.  Ald«r«on,  PrMltfont 


I  FINANCE    Seminar     (ElecUve) 

Credit  one  hour. 

It  Is  a  well-known  tact  that  eni^neera  frequently  fail  to  ap- 
preciate the  financial  aspect  of  their  work.  To  obTiate  the  defect 
the  President  offera  this  coorse  in  the  form  of  a  seminar.  At- 
tention is  called  to  the  sreat  world  movements  that  cause  tsH- 
atSons  in  the  market  value  of  securities,  the  minor  market  move- 
ments, and  the  general  trend  of  the  prices  of  commodities. 

Members  of  the  class  follow  closely  the  market  value  of  a 
group  of  selected  securities  on  the  New  York  Exchange.  At  each 
meeting  one  member  analyses  a  security  and  endeavors  to  de- 
cide whether  the  quoted  price  is  above,  below,  or  at  its  real  value. 
The  Wall  Street  Journal,  the  Magasine  of  Wall  Street,  John 
Moody's  Investment  Service,  besides  many  works  on  finance  are 
available  in  the  Library.  A  strong  effort  is  made  to  get  the  stu- 
dent interested  in  financial  matters,  to  induce  him  to  read  finan- 
cial literature,  and  to  form  his  own  opinion  of  the  results  of  the 
forces  at  work  to  determine  the  market  value  of  securities. 

One  hour  a  week  during  the  first  semester  of  the  senior  year. 

This  course  may  be  taken  only  with  the  consent  of  the  in- 
structor. (Alderson) 

II  nNANCE    Seminar     (ElecUve) 
Credit  one  hour. 

This  is  a  continuation  of  Course  I. 

Ono  hour  a  week  during  the  second  semester  of  the  senior 
year.  This  course  may  be  taken  only  with  the  consent  of  the 
instructor.  (Alderson) 
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GEOLOGY  AND  MINERALOGY 


Victor  Ziegler,  Professor 

F.  M.  Van  Tuyl,  Assistant  Professor 

H.  G.  Sclineider,  Instructor 


The  college  is  very  fortunately  situated  for  the  geologist. 
The  surrounding  formations  present  the  strikingly  clear  fear 
tures  so  characteristic  of  the  West.  In  addition  certain  fea- 
tures peculiar  to  this  particular  location  afford  sufficiently  com- 
plicated problems  to  be  of  great  value  to  the  student  of  geology. 
It  is  possible,  therefore,  without  going  more  than  a  mile  or  two 
from  the  school,  to  illustrate  very  effectively  most  geological 
problems  so  that  field  geology  can  be  carried  on  at  the  same 
time  as  class  instruction. 

I  GENERAL  GEOLOGY     Lectures 

The  aim  of  this  course  is  to  present  the  fundamentals  of 
geology  by  means  of  lectures  supplemented  by  the  study  of  the 
textbook,  and  by  assigned  readings.  It  comprises  a  brief  survey 
of  the  rocks  and  minerals  of  the  earth's  crust  and  a  compre- 
hensive study  of  the  surface  features  of  the  earth,  with  emphasis 
on  the  forces  and  agents  which  have  produced  these  results  and 
are  still  bringing  about  slow  changes.  Occasional  field  trips  are 
required. 

Prerequisites:  Entrance  requirements 

Text:   Pirsson     and     Schuchert,     A     Textbook     of 

Geology,  Part  1 

Lectures  three  hours  a  week  during  the  first  semester  of  the 
freshman  year. 

Required  of  all  students.  (Van  Tuyl) 

II  GENERAL  GEOLOGY     Lectures 

This  course  is  a  continuation  of  Course  I.  It  is  a  study  of 
primary  and  secondary  rock  structures,  with  emphasis  on  the 
secondary  features  resulting  from  earth  movements,  snch  as 
faults  and  folds,  and  the  value  of  their  proper  interpretation  to 
the  mining  engineer. 
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PrerequiBite:  Course  in 

References:  Fords,  Dana's  Manual  of  Mineralogy 
Dana,  System  of  Mineralogy 
Lewis,  Determinative  Mineralogy 
Lectures  two  hours,  laboratory  six  hours,  a  week  dorins  the 
second  semester  of  the  sophomore  year. 
Required  of  all  students. 

(Ziegler,  Van  Tuyl,  Schneider) 

V  HISTORICAL  GEX>LOGY     Lectures 

Credit  three  hours. 

A  study  of  earth  history  with  emphasis  (A  the  North  Amer- 
ican continent.  The  theories  of  the  origin  ol  the  earth  are  dis- 
cussed and  the  succession  of  erents  in  its  known  history  as 
reyealed  by  the  rocks  are  traced.  Special  attentioa  is  giren 
to  the  changes  in  relation  of  land  and  sea»  the  character  and 
distribution  of  the  deposits,  the  erogenic  moTements^  Tcricanlc 
activity,  economic  products,  and  dominant  Ufe  forms  of  each 
geological  period. 

Prerequisites:  Courses  I  and  II 
References:  Pirsson     and     Schochert,     A     Textbook     of 

Geology,  Part  11 
Chamberlin  and  Sattsbnry.  Geology,  Vol.   II 

and  III 

Rice.  Adams,  and  Others^  Probtems  of  Amer- 
ican Geology 
Lectures  three  hours  a  week  during  the  first  semester  of  the 
junior  year. 

Required  in  Group  IV  (Tan  Tuyl) 

VI  STRUCTURAL  GEX)LOGY     Lectures 

Credit  two  hours. 

This  course  coTers  practically  Mining  Geology  It  includes 
a  comprehensive  study  of  rock  structures  with  special  emphasis 
on  features  important  to  the  mining  engineer.  The  graphic 
study  of  folds  and  faults  and  the  interpretation  of  stmcture  from 
maps  receire  special  attention. 

Prerequisites:   Courses  I  to  V  inclusive. 
References:   Leith.  Structural  Geology 

Geikle,  Structural  and   Field  Geology 
Hayes.  Handbcck  for  Fie'd  Geo'ogists 
G-z.:h<er.  The  Examination  of  Prospects 
Tcln2.r.    Grap^icai    Scfution    of    Fauft    Prab- 

L^rct-r^s  -  :  irrs  i  ^f-ei:  :  u-  zi:  -.2'?  fr^t  semester  of  the 
jinior  j'ij.T. 

R-f:":-*ri    i    7..    IV  ■  Zi^^I^r.  Schseider) 
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VII  UTHOLOGT     L«eturM  and  Laboratory 

Credit  two  honra. 

•  The  object  of  thii  course  is  to  present  aU  the  more  commonly 
occurring  rocks  in  such  a  way  as  to  render  their  identiflcation 
at  sight  reasonably  accurate.  The  methods  pursued  are  purely 
those  applicable  to  the  hand  specimen  without  the  aid  of  micro- 
scopic sections.  The  collection  of  the  school  is  especially  rich 
in  those  rocks  that  are  usually  encountered  in  mining  operations 
in  Colorado  and  adjacent  states.  Special  emphasis,  therefore,  is 
laid  upon  such  rocks  and  upon  their  rarious  alteration  forms. 

Prerequisite:  O.  and  M.  IV 

Lectures  one  hour,  laboratory  three  hoars,  a  week  during 
the  second  semester  of  the  junior  year. 

Required  in  Groups  I  and  IV  (Ziegler,  Schneider) 

VIII  MICROSCOPIC  PETROGRAPHY 
Credit  two  hours. 

In  this  coarse  the  study  of  rocks  and  rock-forming  minerals 
Is  carried  on  with  the  help  of  the  petrographic  microscope. 
It  coTers  (a)  the  study  of  the  optical  properties  of  minerals 
with  a  Tiew  to  their  identification,  and  (b)  systematic  petrog- 
raphy or  the  identiflcation  of  rock  types  by  means  of  their 
structures  and  mineral  components. 

Laboratory  six  hours  a  week  during  the  first  semester  of 
the  senior  year. 

Reqaired  in  Groap  rv 

Course  IX  may  be  substituted.  (Ziegler) 

DC    INDEX    FOSSILS    OF    NORTH    AMERICA     Lectures  and 
Laboratory 

Credit  two  hours. 

A  course  planned  to  meet  the  needs  of  students  who  desire 
to  fit  themselTes  for  work  in  oil  geology  and  stratigraphy.  Only 
the  more  important  gaide  fbssils  of  each  system  are  studied. 
Special  attention  is  given  to  the  fossils  characteristic  of  western 
formations  of  economic  importance. 

Prerequisite:  Course  V 

References:  Shimer,  An  Introduetlon  to  the  Study  of  Poe- 

sils 
Grabau  and  Shimer,  Index  Foeslla  of  North 
America 
Six  hours  laboratory  a  week  daring  the  first  semester  of 
the  senior  year. 

Reqaired  in  Group  IV 

Coorse  Vm  may  be  substituted.  (Van  Tuyl) 
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X  ORE  DEPOSITS    Lecturei 

Credit  two  hours. 

This  course  treats  of  the  nature,  origin,  and  occurrence 
of  ore  deposits.  Among  other  subjects  the  criteria  useful  in  the 
recognition  of  the  various  tjrpes  of  ore  deposits,  the  changes  in 
the  character  of  ores  with  depth,  and  mineral  associations  and 
alterations,  are  discussed.  Those  features  likely  to  be  of  use 
in  the  examination  of  mining  prospects  receive  special  attention. 

Prerequisites:  Courses  I,  II,  III,  IV,  and  Vn 

References:  Beyshlag,  Vogt,  and  Krusch,  Deposits  of  Use- 
ful Minerals  and  Rocks 

Lindgren,  Mineral  Deposits 

Lectures  two  hours  a  week  during  the  first  semester  of  the 
senior  year. 

Required  in  Group  IV  (Ziegler) 

XI  ECONOMIC  OEOLOOT    Lectures 

Credit  two  hours. 

This  course  includes  a  discussion  of  the  more  important 
mining  districts  of  North  America.  In  addition  to  ore  deposits^ 
the  njore  important  non-metallic  products  and  their  distribu- 
tion  are  included. 

Prerequisite:  Course   X 

References:  Lindgren,  Mineral   Deposits 

Beys  blag,  Vogt,  and  Kniscb,  Deposits  of  Use- 
ful Minerals  and  Rocks 

Lectures  two  hours  a  week  during  the  second  semester  of 
the  senior  year. 

Required  in  Group  IV  (Ziegler) 

XII  OIL  AND  GAS     Lectures 

Three  credit  hours. 

The  chemistry  and  physics  of  the  natural  hydrocarbons, 
their  origin,  type  or  oocurrence.  and  geologic  setting  are  dis- 
cussed in  detail.     Emphasis  is  placed  on  the  principles  and  laws 

of  oil  accumu'iitior.  a;  p'.icaMo  to  all  fields.  An  effort  is  made 
to  train  the  s*  :  io:::  ir.  the  ln:rr:  rotation  of  the  structural  and 
g-eoloeical   ; 'r.- :-.   !:u  i-.i   v  V.anu  tt  ristic  o:   oil  and  gas  fields. 
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PrereQulsitas:  Conne  I  to  vn  inclusive 

References:  Johnson  and  Huntiey.  Oil   and  Qss  Produo- 

tlon 
Hsger,  Practical  Oil  Geology 
Bng ler  and  Hoefer,  Das  Krdol 
Bacon  and  Hamor,  the  American  Petroleum 

Industry 

Three  hours  a  week  daring  the  second  semester  of  the 
senior  year. 

Required  In  Group  IV  (Zlegler) 

XIII     FIELD  GEOLOGY 

Credit  three  hours. 

This  course  is  Intended  to  give  field  practice  in  geologic 
mapping  and  in  the  working  out  of  structural  details.  The 
area  selected  Is  dirided  among  individual  squads  and  a  com- 
plete map  with  structural  sections  is  prepared  through  cooper- 
ation of  the  different  squads.  The  work  covers  four  weeks 
at  the  close  of  the  junior  year.  Camping  equipment  and  in- 
struments are  furnished  by  the  school.  The  student  is  expected 
to  furnish  bedding.  The  exx>ense  of  the  course  varies  some- 
what according  to  the  location  of  the  area  worked.  Ordinarily 
forty  to  forty-five  dollars  should  cover  all  actual  field  expenses. 

Prerequisites:  Courses  V,  VI,  and  VII . 

Four  weeks  of  the  summer  at  the  close  of  the  Junior  year. 

Required  in  Group  IV         (Ziegler,  Van  Tuyl.  Schneider) 


HYGIENE  AND  CAMP  SANITATION 


Dr.  Louis  A.  Packard,  Medical  Director  and  Director 

of  Physical  Training 


I     HYGIENE  AND  CAMP  SANITATION    Lecturee    (Elective) 

Credit  one  hour. 

General  principles  of  personal  and  public  hygiene;  prevent- 
ive measures  and  prophylaxis;  industrial  hygiene  with  special 
regard  to  mining  camps  and  mills;  camp  sanitation,  sewage,  and 
garbage  disposal,  water  supply,  and  general  health  measures. 

One  hour  a  week  during  the  first  semester  of  the  senior  year. 

(Packard) 
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MATHEMATICS 


Thomaa  Orr  Walton,  ProfcMor 
Jam«a  Ferrla  Sellsr,  Aastatant  Prof«Mor  of  Civil 
Englnasrlng  and   Mathamatiea 


The  counes  In  tills  d«partm«iit  have  been  Mransed  to  meet 
the  extenalTe  needs  of  students  in  tbo  Tarlont  brancbea  of 
engineering.  The  subjects  are  treated  so  aa  to  kIto  the  student 
both  logical  training  and  power  of  application.  The  principles 
which  are  ot  greatest  Tftloe  in  engineering  work  are  parUcalarly 
emphasized.  The  conraes  offered  aerre  aa  a  anfllelent  prereo- 
nlalte  for  the  work  In  mathematical  phyalca,  phralcal  cbemistrr. 
engineering  and  applied  mechanics;  and  they  mark  the  mini- 
mum of  mathematical  attainments  that  an  engineer  ought  to 
posseaa.  A  apedal  feature  of  the  work  la  the  early  introdno- 
tion  of  the  calculus,  the  princlplea  of  which  are  Introdnced 
with  those  ot  analytic  geometry  and  dereloped  aa  needed,  thus 
disregarding,  to  a  certain  extent,  the  traditional  barrier  that 
has  existed  between  tbese  subjects.  By  tbla  means,  the  prin- 
ciples of  the  calculus  are  allowed  to  develop  slowly,  their  sphere 
of  usefulness  Is  widened,  the  student  gains  a  better  graap  of 
mathematics  as  a  whole,  and  is  able,  early  in  his  course,  to 
make  direct  application  of  his  knowledge  of  mathemadcs  to 
practical  problems. 

1     COLLEGE  ALGEBRA 

This  course  begins  with  a  rapid  rerlew  of  the  fundamental 
operations  as  far  as  quadratics.  Graphical  work  is  early  intro- 
duced in  the  belief  that  the  illumination  which  It  affords  greatly 
eullrens  the  entire  presentation  ot  the  sobject  and  brings  algebra 
into  closer  relationship  with  the  other  mathematical  courses. 
Quadratics  are  given  special  emphasis.  The  progresaiona.  In- 
equalities, mathematical  induction,  proportion,  variation,  theory 
of  limits,  series,  the  bini'tnlal  theorem,  logarithms,  exponentials. 
and  determiuanls  tire  a',1  amply  treated.  Methods  of  approxi- 
mating the  roots  ct  n\:m*ricai  equations  are  especially  em- 
phasiietl. 

Much  l^r.-.e  ;s  s.v-T.  :.■'  d":'.!  wcrs  in  calcalatloas  Involring 
forKulas  0^:^=  -.t-;  :r.  i  :.i;.:i  t-r.;  »,-■:);,  .K  special  featnn  of  the 
coarse   If   ■.^.e   ?:rf;f:--:    ■_.;:    .•'   f.rs.y'^Ac   melboda  in  i 
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pimetloe  which  is  becomiiif  ao  indispensable  reqaisite  in 


Prereqaisltes:  Bntrsnce  reqairements. 

Text:  Rlets  and  Crathorne,  College  Algebra 

Three  boors  a  week  daring  the  first  semester  of  the  fresh- 
■Ban  year. 

Required  of  all  studenU.  (Walton,  Seller) 

n     TRIOONOMBTRT 

The  general  fonnnlas  of  plane  and  spherical  trifonometry 
are  dereloped.  InTerse  functions.  Identities,  and  trigonometric 
equations  are  carefully  considered.  Much  practice  is  glTcn  In 
the  use  of  tables  and  the  applications  of  trigonometry  to  mensu- 
ration in  general.  The  astronomical  triangle  and  such  problems 
relating  thereto  as  occur  in  sunreylng  are  dwelt  upon  particularly 
and  graphical  representation  Is  glTsn  its  needed  emphasis. 

Prerequisites:  Bntranoe  requirements 

Texts:  Crawley.  Short  Coiiree  In  Trigonometry 
Hodgman,  Surveyor's  Tablee 

Two  hours  a  week  during  the  first  semester  of  the  fresh- 


Required  of  all  students.  (Walton,  Seller) 

lU     ANALYTIC  0B0M8TRT 

This  course  begins  with  the  Cartesian  coordinates  of  a  point. 
Graphs  of  algebraic  and  transcendental  functions  follow.  Lod 
la  general,  the  straight  line,  conic  sections,  and  cycloids  are 
taken  up  in  detalL 

The  methods  and  notation  of  the  calculus  are  introduced 
eariy  and  are  employed  in  the  study  of  tangents  and  normals. 
The  parametric  equations  of  the  oonlcs  and  cycloids  are  de- 
veloped and  many  applications  to  locus  problems  are  Introduced 
and  discussed.  The  student  Is  made  familiar  with  the  polar 
equations  of  the  conies,  spirals,  orals,  and  other  plane  cunres. 
Emphasis  Is  glTen  to  the  graphical  repreeentation  of  the  trigono- 
■Mlrlc  logarithmic,  exponential,  and  other  transcendental  func- 
tions. 

The  analytic  geometry  of  space  is  deferred  until  the  second 
year  when  it  Is  needed  In  the  doTelopment  of  the  ealcolns. 

Prerequlsttes:  Courses  I  and  n 

Text:  Smith  and  Gale.  New  Analytic  Geometry 

Three  boors  a  week  during  the  second  semester  of  the 
freshman  year. 

Required  of  aU  stadents.  (Wahon,  Seller) 
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IV  CALCULUS 

i  This  course  introduces  the  student  to  the  elements  of  the 
calculus.  The  language,  the  symbols,  and  the  first  processes  of 
the  infinitesimal  analysis  are  explained  and  many  iUustrations 
in  geometry,  physics,  engineering,  and  applied  mechanics  are 
introduced.  The  fundamental  principles  of  continuity,  limiting 
values,  and  the  theory  of  infinitesimals  are  established.  The 
differentiation  of  all  the  fundamental  forms  and  the  application 
of  the  differential  calculus  to  problems  involYing  maxima  and 
minima,  rates,  and  to  the  theorems  of  analytic  geometry  com- 
prise a  large  part  of  the  course.  Integration  is  introduced  as  the 
inverse  operation  of  differentiation  and  is  applied  to  numerous 
problems  involving  areas,  velocities,  and  geometry. 

Prerequisites:  Courses  I  and  n 

Text:  Granville,  Differential  and  integral  Calculus 

Two  hours  a  week  during  the  second  semester  of  the  fresh- 
man year. 

Required  of  all  students.  (Walton,  Seller) 

V  CALCULUS 

This  course  is  a  continuation  of  Course  lY,  in  which  students 
are  made  familiar  with  the  elementary  processes  and  applica- 
tions of  the  differential  calculus.  A  special  feature  of  this  course 
consists  in  carrying  on  the  differential  and  integral  calculus 
together.  This  method  of  instruction  enables  the  student  to 
grasp  the  more  difficult  notions  of  the  subject  in  their  inherent 
relations,  and  at  the  same  time  to  apply  this  knowledge,  early 
in  the  course,  to  the  solution  of  engineering  problems.  The  con- 
ception of  the  definite  integral  and  its  many  applications  are 
early  introduced.  The  aim  is  to  make  clear  the  rxUionaXe  of  each 
process,  and  to  arouse  an  early  interest  in  the  usefulness  of 
the  subject-  The  theory  of  single  and  multiple  integration  is 
applied  to  the  principal  methods  of  rectification  and  quadrature, 
and  to  the  calculation  of  surfaces  and  volumes  of  solids  of 
revolution. 

Prerequisites:   Courses  I  to  IV,  inclusive 

Teit:   Grai^vi/.e    Differential  and  Integral  Calculus 

Three  tc  :rs  a  ^^e^k  i  .r  nc  the  5rst  semester  of  the  sopho- 
more Tear. 

KecLu  :-i   ;:  .^      fins  (Walton) 
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VI  CALCULUS 

This  oourte  is  a  continuation  of  Course  V.  The  elements  of 
solid  analytic  s^ometry  are  introduced  to  assist  in  the  proper  de- 
Telopment  of  the  calculus  of  functions  of  two  or  more  Tariables. 
Simple  differential  equations  are  introduced  in  close  connection 
with  integration.  Multiple  integration  in  rectangular,  polar,  and 
cylindrical  ooK>rdinates  is  taken  up  and  many  applications  are 
made  to  problems  in  areas,  volumes,  moments  of  inertia,  centers 
of  grarity,  and  pressure.  Solids  of  reyolution,  cylinders,  space 
cunres,  ruled  and  quadric  surfaces  are  all  given  their  needed 
emphasis  as  applications  of  the  calculus.  The  last  part  of  this 
course  is  pre-eminently  a  problem  course.  The  aim  is  to  review, 
in  a  practical  way,  the  mathematics  of  the  last  twg^  years  and 
thereby  encourage  the  student  to  look  upon  his  mathematics  as 
an  instrument  of  power  and  usefulness,  rather  than  one  merely 
of  mental  development  and  culture. 

Prerequisites:  Courses  I  to  V,  inclusive 

Text:  Granville,  Differential  and  Integral  Calculus 
Three  hours  a. week  during  the  second   semester  of  the 
sophomore  year. 

Required  of  all  students.  (Walton) 

VII  PROBABIUTY  AND  LEAST  SQUARES     (ElecUve) 

Credit  two  hours. 

This  course  includes  the  development  of  the  method  of  Least 
Squares  and  its  application  to  practical  problems  in  Physics, 
Astronomy,  and  Surveying. 

Prerequisite:  Course  rv 

Two  hours  a  week  during  the  first  semester  of  the  sophomore 

(Walton) 


Vm    ADVANCED  CALCULUS     (Elective) 

Credit  two  hours. 

This  course  consists  of  subjects  in  calculus  which  are  not 
included  in  the  regular  course  or  whose  further  development 
may  be  useful  to  the  engineer,  such  as.  Taylor's  Theorem,  finite 
differences,  ordinary  differential  equations,  definite  and  elliptic 
integrals. 

Prerequisite:  Registration  in  Course  VI 

Two  hours  a  week  during  the  second  semester  of  the  soph- 
omore year.  (Walton) 
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MECHANICAL  ENGINEERING 


James  L.  Morse,  Professor  of  Mechanical  Engineering 

James  Ferris  Seller,  Assistant  Professor  of  Civil 

Engineering  and  Mathematics 


I  DESCRIPTIVB  GEOMETRY     Lectures 

This  course  includes  problems  relating  to  the  point,  line, 
plane,  surfaces,  intersection  of  solids  and  the  derelopment  of 
their  surfaoss,  and  numerous  practical  applications  to  mine  sur- 
veying and  machine  design. 

Prerequisites:  E«ntrance  requirements 

Text:  Church  and  Bartlett,  Descriptive  Qeometry 

Two  hours  a  week  during  the  first  semester  of  the  fresh- 
man year. 

Required  of  all  students.  (SeUer) 

II  DESCRIPTIVE  GEOMETRY     Drawing 

At  the  beginning  of  the  course  considerable  time  is  given 
to  the  use  of  instruments,  geometrical  constructions,  and  letter- 
ing; then  follows  the  direct  application  of  the  problems  that  are 

taken  up  in  the  lecture  work. 

Prerequisites:  Entrance  requirements 

Text:  Church    and    Bartlett,    Descriptive    Geometry 
and  Plates 
French,  Mechanical  Drawing  and  Elementary 
Machine  Design 
Six  hours  a  week  during  the  first  semester  of  the  fresh- 
man year. 

Required  of  all  students.  (Seller) 

III  ELEMENTARY    MACHINE  DESIGN      Lectures 

This  course  includes  a  study  of  machine  elements,  the  nature 
of  materials  entering  into  machine  construction,  and  elementary 
calculations  which  involve  the  correct  proportion,  by  empirical 
methods,  of  various  machine  parts  and  their  application  to  min- 
ing and  manufacturing. 

Prerequisites:  Courses  I  and  II 

Text:   French.     Mechanical     Drawing    and     Elemen- 
tary Machine  Design 
Two  hours  a  week  during  the  second  semester  of  the  fresh- 
man year. 

Required  of  all  stiidonts  (Morse) 
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VII    KINEMATICS  OF  MACHINERY     Lectures 

This  course  begins  with  the  theoretical  analysis  of  mech- 
anism and  extends  to  the  practical  application  of  these  principles 
to  such  problems  as  arise  in  practice.  Special  attention  is  given 
to  the  analysis  of  linkages,  belting:  shop,  mining  and  mill  ma- 
chinery: cams,  gears,  and  other  contact  mechanisms. 

Prerequisites:  Courses  V  and  VI 

Text:  Scl^wamb  and  Merrill,  Elements  of  Mechanism 

Two  hours  a  week  during  the  /second  semester  of  the  sopho- 
more year. 

Required  of  all  students.  (Morae) 

Vni     KINEMATICS  OF  MACHINERY     Drawing 

This  course  supplements  and  is  directly  dependent  upon 
the  lecture  work.  This  work  is  taken  up  from  a  practical  point 
of  view  and  applies  such  theory  as  is  consistent  with  the  most 
approved  method  of  design.  Designs  and  complete  working 
drawings  are  made  of  machine  parts,  gears,  cams,  and  various 
systems  and  devices  used  for  the  transmission  of  power,  with 
special  emphasis  upon  the  correct  velocities  and  coK>rdination 
of  the  relative  motion  and  balance  of  parts. 

Prerequisites:  Courses  V  and  VI 

Text:   Schwamb  and  Merrill,  Elements  of  Mechanism 

Three  hours  a  week  during  the  second  semester  of  the  sopho- 
more year. 

Required  of  all  students.  (Morse) 

IX     HEAT  POWER  PLANT  ENGINEERING     Lectures 

Credit  one  hour. 

The  greater  portion  of  the  semester  is  devoted  to  steam 
boiler  subjects.  After  a  brief  historical  treatment  of  the  sub- 
ject, the  lectures  cover  the  theory,  principles  of  design,  and 
construction  of  modem  boilers.  Numerous  practical  problems 
are  assigned  from  time  to  time  so  that  the  student  becomes 
thoroughly  familiar  with  the  design  and  operation  of  the  lead- 
ing types  of  boilers. 

Prerequisites:   Courses  VII  and  VIH 

Text:   Alien  and   Bursley.    Heat  Engines 

One  hov.r  :\  '^eok  .:  ;r:nc  "he  ^rst  sem<ester  of  the  junior 
year. 

Ke.;  :::-  •  (Morse) 
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X    HEAT  POWBR  PLANT  ENOINBERINO     D««ign 

Credit  two  boon. 

The  drafting  room  work  is  devoted  principally  to  the  design 
of  power  plant  apparatus  and  to  such  other  machinery  as  is 
osoally  to  be  found  in  a  mine  plant.  Boilers,  steam  engines, 
boista.  conveying  systems,  and  mill  installations  are  designed 
and  complete  sets  of  detailed  working  drawings  are  required  in 
all  cases.  The  value  of  time  is  impressed  upon  the  student  and 
all  work  is  done  in  accordance  with  the  most  approved  manu- 
fteturing  methods. 

Prerequisites:  Courses  vn  and  VIII 

Text:  Allen  and  Bursley,  Meat  Engines 

Nachman,  Elements  of  Machine  Design 

References:  Marks,  Mechanical  Engineering  Handbook 

Catalogues  and  Mechanical  Engineering  Jour- 
nals. 

Six  hours  a  week  during  the  first  semester  of  the  junior 


Required  in  Group  I 


(Morse) 


XI     HEAT  POWER  PLANT  ENGINEERING    Lectures 

Credit  one  hour. 

The  lectures  of  this  course  embrace  principally  the  subject 
of  steam  engines.  The  development  of  the  steam  engine  is  first 
carefully  traced  out,  after  which  attention  is  given  to  ther- 
modynamics and  the  fundamental  principles  which  underlie  the 
steam  engine.  Practical  problems  are  assigned  the  student  and 
great  stress  is  laid  upon  all  matters  pertaining  to  the  economical 
side  of  the  subject 

Prerequisites:  Courses  VII  and  VIII 

Text:  Allen  and  Bursley,  Meat  Engines 

One  hour  a  week  during  the  second  semester  of  the  junior 


Required  in  Groups  I  and  II 


(Morse) 


XII     HEAT  POWER  PLANT  ENGINEERING     Design 

Oedit  two  hours. 

This  course  is  a  continuation  of  Course  X,  and  enables  the 
student  to  undertake  and  complete  some  of  the  more  advanced 
problems  in  the  design  of  power  plant,  and  other  nutchinery. 

Prerequisites:  Courses  VII  and  Vm 

Text:  Allen  and  Bursley,  Heat  Engines 

'«*nn.  Elements  of  Machine  Design 


Rflferancw:  Marks.  Machanlcal  Enfllnewring  Handbook 

Cataloguoo  and  Mechanical  Englnoerlng  Jour- 
nals. 
Bix  houn  a  week  during  the  second  eemester  of  the  lonlor 

Eteqotred  In  Qroups  I  and  II  (Hone) 

COMPRBSSBD  AIR    Lectiim    <BlecUTs) 

Credit  two  hours. 

rhlB  coarse  Includes  a  study  of  the  theorr  and  practice  of 
air  compression.  At  the  beginning  conslderabla  time  la  glren 
to  the  study  of  such  thermodTuamlca  as  la  necessary  to  a  anc- 
cessfnl  pursuit  of  the  coarse.  After  this  tha  work  oomprlses 
a  study  of  the  following  principal  Items:  single  and  multiple 
stage  compression;  absorption  of  heat  daring  compression; 
transmission'  of  power  bj  compressed  air;  draining  of  molstore 
from  pipe  lines;  reheating;  the  nse  of  compr«sBad  air  in  motor* 
and  the  varlooa  valve-gears  used.  The  application  of  compresaed 
air  to  pumping,  hotetlng,  drilling,  and  converlng.  Compressor 
catalogues  and  trade  Joumals  form  a  part  ot  the  subject  matter 
of  the  coarse. 

Prerequisites:  Courses  VII  and  vni 
Texts:  Peele,  Compressed  Air 
Trade  Catalogues 

Two  hours  a  week  during  the  flrst  semester  of  the  senior 
year.  (Horse) 

Xrv    POWER  PLANT  DESIGN     Lectures 

Credit  two  hours. 

This  course  includes  a  detailed  study  of  the  units  and  aux- 
iliaries necessary  to  a  power  plant  and  their  various  connecting 
links  After  this,  problems  affecting  the  type  and  location  ot 
power  plants  are  taken  up  and  then  the  work  is  extended  to 
problems  involving  the  tiest  selection  and  number  of  units, 
location  and  arrangement,  connection  with  auxiliaries,  and  the 
necessary  housing  for  equipment,  Tbe  items  of  first  cost.  Operat- 
ing cost,  and  depreciation  are  carefully  considered. 

Prerequisites:  Courses  XI  and  XII 

Text:   Gebhardt     Power  Plant  Engineering 

Two  ho'.irf   ,1   "ivk   liur;!!;:  ihp   tirst   semester  of  the  senior 
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XV  POWKR  IPLANT  DESIGN     Drawing 

Credit  two  hours. 

The  work  in  this  ooune  includes  working  drawings  of  some 
of  the  power  plant  equipment  taken  up  and  studied  in  detail  in 
the  lecture  course.  Such  problems  as  the  following  are  as- 
signed: detail  of  piping  systems,  including  live  and  ezhaost 
steam,  for  a  certain  sise  plant;  foundations  for  units  and  aux- 
iliaries; flues  and  stacks;  coal  and  ash  handling  machlnenr,  and 
complete  power  plants. 

Prerequisites:  Courses  XI  and  XII 

Six  hours  a  week  during  the  first  semester  of  the  senior 
renr. 

Required  in  Groups  I  and  IL  (Morse) 

XVI  GAS  ENGINES    l.ecturee    (ElecUve) 

Credit  three  hours. 

This  course  is  intended  to  give  the  mining  engineer  both  a 
theoretical  and  practical  knowledge  of  the  gas  engine.  The  theory 
and  thermodynamics  of  the  gas  engine  are  carefully  comidered, 
together  with  the  conditions  affecting  el&ciency  and  operation. 
The  best  types  of  modem  engines  together  with  auxiliary  ap- 
paratus are  taken  up  and  discussed  with  regard  to  special  fea- 
tores  and  advantages.  Bach  student  is  assigned  a  seminar  paper 
upon  some  special  subject  of  investigation.  At  the  conclusion 
of  the  course  these  papers  are  presented  before  the  class.  A 
portion  of  the  course  is  devoted  to  practice  in  operating  and 
running  the  engines  found  in  the  laboratories. 

Prerequisites:  Courses  VII  and  vm 

Ttot:  Streeter.  The  Qas  Engine 

Two  hours  a  week  during  the  first  semester  of  the  senior 
year.  (Morse) 

XVII  PUMPING  MACHINERY     Lectures     (Elective) 

Credit  two  hours. 

This  course  includes  the  principles,  design,  and  operation 
of  all  kinds  of  pumping  machinery.  Special  attention  is  given  to 
tlie  selection  and  installation  of  steam,  electric,  and  compressed 
air  pumps  for  mine  service.  Problems  involving  the  calculations 
of  capacity,  slip,  and  duty  of  pumping  engines  are  assigned  to  the 
students.  Along  with  the  study  of  pumping  machinery  consider- 
able time  is  devoted  to  the  study  of  air-lifts. 

Prerequisites:  Courses  vn  and  VIII 

Text:  Greene,  Pumping  Machinery 

Two  hoars  n  week  daring  the  second  semester  of  the  senior 
year.  (Morse) 
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XVIII     MECHANICAL  ENGINEERING     Laboratory     (Elective) 

Credit  two  hours. 

It  is  the  purpose  of  this  course  to  familiarize  the  student 
with  the  apparatus  used  in  testing  and  engineering  investiga- 
tion. The  practice  work  includes  indicator  practice;  study  of 
reducing  motions;  dynamometers;  determination  of  the  quality 
of  steam;  flue  gas  analysis;  calibration  of  gages;  valve  setting; 
testing  of  boilers,  engines,  turbines,  and  air  compressors.  A  com- 
plete written  report  of  each  test  or  experiment  is  required  of  all 
students  taking  this  work. 

Prerequisites:  Courses  VII,  VIII,  IX  and  XI,  and  xm 

Text:  Moyer,  Power  Plant  Testing 

Reference:  Smallwood,  Mechanical  Laboratory  Mettiodt 

Blve  hours  a  week  during  the  second  semester  of  the  senior 
year.  (Morse) 
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METALLURGY 


Irving  Alltton  Palmert  Prof  •••or 
Samuel  Zottl^r  Krumm,  Instructor 


I     ASSAYING    Locturoo 

Crodlt  on«  hour 

Thla  coorto  indodos  a  discuaaion  of  the  undorlxlng  princi* 
ploo  of  Are  aaaaying,  Ita  relation  to  chemlatry  and  metallaray, 
the  reaaona  for  ita  uae,  and  ita  application  to  the  determination 
of  metala  in  orea  and  metallnrgical  prodacta.  The  methoda,  rea- 
genta,  famacea,  and  apparatua  uaed  in  commercial  work  are  de- 
acribed.    It  ia  aimed  to  make  the  courae  aa  practical  aa  poaaible. 

Prereqaiaitea:  Phraica  in  and  IV 

Geology  and  Mineralogy  IV 
Chemiatry  vm  and  X 

Text:  Pulton,  Manual  of  Fire  Aaaaying 

Referencea:  Brown,  Manual  of  Aaaaying 

Pnrman-Pardoe.  Manual  of  Practical  Aaaaying 

Lectorea  one  hoar  a  week  daring  the  first  aemeater  of  the 
junior  year. 

Required  in  Groupa  I.  II,  III,  and  IV  (Palmer) 

n     ASSAYING     Laboratory 

Credit  three  hours. 

In  thia  ooorse  the  atudent  ia  required  to  put  Into  practlGe 
what  he  haa  learned  in  the  lectorea.  The  stock  room  of  the 
laboratory  haa  a  large  aupply  of  aaaayed  and  analysed  polp  and 
bullion  aamplea  from  rarlooa  mining,  mining,  and  amelfing  com* 
panlea.  and  a  glren  number  of  theae  aamples  are  aubmHted  to 
the  atndents  for  aaaay.  The  work  Is  oontlnued  until  reeuita 
are  obtained  closely  checking  those  reported  by  the  companies 
donating  the  aamplea.  Special  atieatlon  la  paid  to  minor  points 
in  manipulation  and  to  the  atulnment  of  apeed  aa  well  aa  accu- 
racy. Thia  course  may  be  taken  only  la  coajunctloa  with 
Course  L 

Laboratory  nine  hours  a  week  during  the  first  semester  of 
the  junior  year. 

Required  In  Groups  L  U.  UI,  and  IV 

I) 
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in  GENERAL  MBTALLUtiaT  AND  THB  METALLUROT  OF 
IRON  AND  STEEL 

Credit  five  hours. 

In  this  course  there  are  taken  up  for  consideration  the  gen- 
eral principles  of  metallurgy;  the  production,  properties,  and 
uses  of  the  more  important  metals;  alloys  and  metallic  com- 
pounds; ores  of  the  common  metals;  fuels,  refractories,  furnaces, 
and  apparatus;'  metallurgical  processes;  and  a  detailed  study  of 
the  metallurgy  of  iron  and  steel. 

Prerequisites:  Chemistry  VIII  and  X 

Physics  III  and  IV,  G.  and  M.  IV 

Text:  Hofman,  General  Metallurgy 

References:  Fulton,  Principles  of  Metallurgy 

Stoughton,  Metallurgy  of  Iron  and  Steel 
H.  H.  Campbell,  The  Manufacture  and  Prop- 
erties of  Iron  and  Steel 
J.  E.  Johnson  Jr.,  Blast  Furnace  Construction 

in  America 
Principles,    Operation    and    Products   of   the 
Blast  Furnace 

Five  hours  a  week  during  the  first  semester  of  the  Junior 
year. 

Required  in  Groups  I,  II,  III,  and  IV  (Palmer) 

IV     METALLURGY  OF  LEAD     Lectures 

Credit  three  hours. 

The  metallurgy  of  lead  is  considered  in  the  following  order: 
properties  of  lead  and  its  alloys  and  compounds;  ores  of  lead; 
sampling  and  purchasing  of  lead  ores;  fluxes  and  fuel;  smelting 
in  the  ore  hearth;  roasting  of  ores,  including  the  chemistry  of 
the  roasting  process;  blast  furnace  smelting,  Including  construc- 
tion, chemistr>*  of  the  blast  furnace,  calculation  of  furnace 
charges,  treatment  of  products;  softening,  desilverization,  and 
refining  of  base  bullion;  Pattinson  process;  Parkes  process; 
Betts  process;    German  and  English  cupellation. 

Prerequisite:   Course  III 

Text:   H.  O.  Hofman,  The  Metallurgy  of  Lead 

Reference:    H.  F.  Collins,  The   Metallurgy  of  Lead 

Three  hours  a  week  during  the  second  semester  of  the 
junior  year. 

Required   in   Groups   I,   II,  III.  and   IV  (Palmer) 
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VI     METALLURGY  OF  ZINC    L«cturM 

Credit  two  hoara. 

The  gabject  is  treated  in  the  following  order:  production 
and  naee  of  line;  chemical  and  phyalcal  properties;  alloys  and 
compounds;  ores;  calcination;  rossting;  smelting;  the  manntac- 
tore  €i  retorts  and  condensers;  retort  and  furnace  fuels;  typ^ 
of  roasting  and  retort  furnaces;  refining;  and  electrolytic  recoT- 
ery  of  sine 

Prerequisite:  Course  in 

Text:  W.  R.  Ingalls.  The  Metallurgy  of  ZIno  and 
Cadmium 

References:  h,  S.  Austen,  The  Metallurgy  of  the  Common 

Metals 
H.  C.  Hofman,  General  Metallurgy 

Two  hours  a  week  during  the  second  semester  of  the  junior 
year. 

Required  in  Group  HI  (Palmer) 

Vn    ORE  DRESSING    Lectures 

Credit  four  hours. 

This  course  is  designed  to  giro  the  student  a  good  general 
Idea  of  the  modem  theory  and  practice  of  ore  dressing.  The 
underlying  principles  are  discussed,  and  the  application  of  these 
principles  to  the  concentration  of  ores  is  illustrated  by  references 
to  laboratory  experiments  and  to  commercial  work.  Emphasis 
Is  placed  upon  the  economic  side  of  the  subject  On  account 
of  the  rapid  changes  in  ore  dressing  practice  only  the  more  mod- 
em milling  plants  are  taken  up  for  detailed  examination  and 
study. 

Text:  Richards,  Textbook  of  Ore  Dressing 

References:  Wlard,  Theory  and  Practloe  of  Ore  Dressing 
Richard  and  RalsUm,  Flotation 
HooTer,  The  Flotation  Process 
A.  W.  Fshrenwald,  Testing  for  the  Flotation 


Four  hours  a  week  during  the  first  semester  of  the  senior 

Required  in  Groups  I  and  in  (Palmer) 

Vin    ORE  DRESSING    Laboratory 

Credit  two  hours. 

This  course  Is  designed  to  supplement  the  lectures  on  the 
subject  by  glTiag  the  student  practice  in  the  handling  of  ore 
drsaslag  eqaf««  -mrt  of  the  course  Is  devoted  to 
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laboratory  experiments,  illustrating  general  principles,  and  to 
the  study  of  the  construction,  capacity,  efficiency,  and  power 
consumption  of  such  machines  and  other  apparatus  as  are  avail- 
able. This  work  is  followed  by  the  testing  of  ores.  Visits  are 
made  to  commercial  milling  plants  and  the  information  thus 
gained  incorporated  in  reports  prepared  by  the  student. 

Six  hours  a  week  during  the  first  semester  of  the  senior 
year. 

Required  in  Groups  I  and  in  (Palmer,  Knimm) 

IX  METALLURGY    Laboratory 

Credit  one  hour. 

This  course  is  intended  to  supplement  the  lecture  work  of 
the  Junior  year  and  includes  high  temperature  measurements 
with  optical  radiation,  base  metal  couples  and  rare  metal  couple 
pyrometers;  seger  cones;  melting  points  of  common  metals;  heat 
treatment  of  steel;  the  thermit  process,  and  the  desilyerization 
of  base  bullion. 

Three  hours  a  week  during  the  second  semester  of  the 
junior  year. 

Required  in  Group  III  (Kmmm) 

X  METALLURGY     Lectures 

Credit   three   hours. 

Gold  and  Silver.  This  course  covers  the  following:  metal- 
lurgy of  gold  and  silver,  with  special  attention  to  stamp  mill- 
ing, amalgamation  and  cyanidation ;  the  parting  of  gold  and 
silver  bullion  by  various  commercial  methods,  with  special  at- 
tention to  electrolysis  and  the  sulphuric  acid  treatment  The 
various  modifications  of  the  cyanide  process  receive  particular 
attention. 

Copper.  A  study  of  the  principles  of  copper  metallurgy  as 
exemplified  by  the  best  modem  practice,  including  the  roasting 
of  ores,  blast  and  reverberatory  smelting,  pyritic  smelting,  con- 
verting of  matte,  refining  of  copper,  treatment  of  oiidixed  ores, 
and  hydrometallurgical  methods. 

Text:    Hofman.  The   Metallurgy  of  Copper 

References:    Peters.   Principles  of  Copper  SmeKing 
Practice  of  Copper  Smelting 
Cltiine::.  The  Cyanide  Handbook 
Kos:.  The  Metallurgy  of  Gold 


veA: 
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3CI    METALLURGY    Laboratory 

Credit  one  hoar. 

This  work  Indades  the  testing  of  gold  and  silver  ores  bj 
amalcamation  and  cjanidation;  experimental  roasting  and  leach- 
ing of  sine  ores;  the  leaching  of  oxidized  copper  ores;  and  the 
laboratory  study  of  such  standard  processes  as  lend  themselves 
to  small  scale  treatment. 

References:  Clennell,  The  Cyanide  Handbook 

Megraw,  Details  of  Cyanide  Practice 
Current  Publications 

Three  hours  a  week  during  the  second  semester  of  the  senior 
year. 

Required  in  Group  III  (Krumm) 

Zn.    MBTALLOGRAPHT     Lectures 

Credit  one  hour. 

This  course  comprises  a  study  of  the  general  methods  of 
iBTestlgatlng  metals  and  alloys;  the  experimental  determination 
and  plotting  of  cooling  curves;  the  physical  mixture,  including 
a  eonslderatlon  of  aqueous  solutions,  fused  salts  and  alloys;  a 
discussion  of  freeslng  point  curves  and  diagrams;  the  prepara- 
tion of  the  sample  and  development  of  the  structure  by  various 
etching  media;  the  use  of  the  microscope  and  methods  of  mak- 
ing mlcrophotographs. 

Raferences:  Howe,  The  Metallography  of  Steel  and  Cast 

Iron 
Sauveur,  The  Metallography  and  Heat  Treat- 

ment  of  Iron  and  Steel 
Bullens,  Steel  and  Its  Heat  Treatment 

One  hour  a  week  during  the  second  semester  of  the  junior 
year. 

Required  in  Group  III  (Krumm) 

Xin     METALLOGRAPHY     luU^ratory 

Credit  one  hour. 

This  course  is  Intended  to  supplement  the  lectures,  and 
includes  the  application  of  principles  in  every  day  commercial 
practice  from  the  initial  heating  of  the  steel  for  forging  to 
the  cooling  in  the  final  heat  treatment  process;  the  examination 
oC  heat-treated  steels  and  the  photomlcrographlng  of  the  sped- 

Three  hours  a  week  during  the  second  semester  of  the  junior 

in  (Knunm) 
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XIV  ELECTROMBTALLURGT    Lectures 

Credit  two  hours. 

This  course  is  divided  into  three  parts  and  covers  the  fol- 
lowing subjects:  (a)  the  electrolytic  winning  and  refining  of 
metals  and  the  parting  of  gold  and  silver  bullion;  (b)  the  elec- 
tric furnace;   (c)  the  electrometallurgy  of  iron  and  steel. 

This  is  a  course  of  lectures  and  recitations  on  modem  prac- 
tice in  electric  smelting  and  refining,  in  which  the  various  types 
of  furnaces  and  other  equipment  and  their  underlying  principles 
are  discussed  and  comparisons  made  with  ordinary  fire  methods, 
followed  by  the  direct  application  to  the  reduction  and  refining 
of  metals. 

References:  Stansfleld,  The  Electric  Furnace 

Rodenhauser    and    Shoenaii^    The   Electric 
Furnace  in  the  Iron  and  Steel  Industry 

Two  hours  a  week  during  the  first  semester  of  the  senior 
year. 

Required  in  Group  III  (Krumm) 

XV  BLECTROBiSTALLURGT    Laboratory 

Credit  one  hour. 

This  course  is  intended  to  supplement  the  lectures  and 
includee  the  electrol3rtic  winning  of  zinc,  parting  of  gold  and 
silver  bullion,  construction  and  operation  of  laboratory  size  elec- 
tric furnaces. 

Three  hours  a  week  during  the  first  semester  of  the  senior 
year. 

Required  in  Group  III  (Krumm) 

XM     ORE  DRESSING     Laboratory     (ElecUve) 

Credit  one  hour. 

During  the  second  semester  of  the  senior  year  a  practical 
course  in  ore  dressing  is  given  at  the  ex]>erlmental  plant.  This 
plant  contains  standard-sized  machinerr  and  ores  can  be  run  in 
lots  of  several  tons  each.  The  students  are  thus  made  familiar 
with  actual  milling  operaiions.  Ores  are  concentrated  by  various 
methods,  and  the  rt'lative  merits  of  different  machines  and  pro- 
cesses are  o.t '.erir.incKi  It  is  aimed  to  keep  In  touch  with  the 
most  rectr?.:  vtv  cress  :::  ore  cre>;s:iis:,  and  the  newer  ideas  are 
triex:  ou:  .i<  :•..»:>   a^  ;oss/^'.e  under  actual  working  conditions. 

Trrt—  .  :>  ..  a -ok  d::^  r.c  the  second  semester  of  the  senior 
year  ( 
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XVn     MBTALLURGiCAL  PROBLEMS    L«eturM    (BlecUve) 

Credit  one  hoar. 

This  conree  la  designed  to  Include  not  only  a  dlacusalon  of 
tlie  moro  Important  technical  metallurgical  problems  In  connec- 
tion with  the  extraction  and  refining  of  metala,  but  In  the  larger 
aenao  the  economic  problema,  ao  aa  to  Indnde  a  conalderatlon  of 
aoch  qneatlona  aa  labor,  tranaportatlon,  fuel  auppUea,  location  of 
plants,  relation  of  metallurgy  to  ciTllliatlon,  Importance  of  metal- 
lorgy  In  the  waging  of  war,  technical  education,  and  the  organi- 
sation and  management  of  metallurgical  oompaniea. 

One  hour  a  week  during  the  flrat  aemeater  of  the  aenior  year. 

(Palmer) 
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BfETAL  MINING 


Harry  John  Wolf,  Profi 


The  courses  giTen  in  this  deitartment  are  intended  to  in- 
stnict  the  stud^it  in  the  theoretical  as  nell  as  the  practical  sub- 
jects that  are  necessary  to  a  thorough  oominehensimi  of  the 
mining  industry.  The  subjects  range  from  the  most  elementary 
to  those  that  teach  the  principles  of  mining,  the  Tarioos  schemes 
or  m^hods  of  deTeloping  and  working  mines,  and  the  actual  or 
practical  operations  iuTolTed  in  mining.  Throngtioiit  these 
courses  it  is  aimed  to  present  the  most  approTed  ideas  and  to 
hare  the  student  feel  that  he  is  receiring  instmctloQ  that  Is 
revised  up  to  the  time  of  presentaticm. 

I    MINERAL  LAND  SURVKVING     Lectures 

This  course  coTers  instruction  in  the  methods  of  acquiring 
title  to  mineral  lands  in  the  United  States  and  in  for^gn  coun- 
tries.    Special   attention   is   giren  to  practice   In  the  western 

United  States.  Determination  of  meridian  and  latitude  by  solar 
and  stellar  obserration  is  explained.  Methods  of  sub-diTiding 
the  public  lands  and  the  regnlation  o'  land  offices  and  Surveyors 
General  are  discussed  and  explained.  Instraction  is  given  in  the 
preparation  and  filing  of  the  documents  used  in  acquiring  title 
to  lode  and  placer  claims:  mill  and  tunnel  sites:  timber.  coaL 
and  stone  lands;  water  rights:  dam  and  reservoir  sites;  and 
ditch,  flume,  and  pipe  lines.  The  duties  of  the  United  States 
Deputy  Mineral  SurreTor^  are  explained  and  the  student  is 
familiariied  wiih  the  feld  methods  and  o!Sce  practice  involred 
in  obtaining  United  States  patent  to  mineral  laads^  This  course 
makes  the  student  oompt'.ent  :o  p\3L5iS  the  eTHTr^inon  given  by 
the  Surreyor  General  to  appMcarts  for  commisskfts  as  mineral 
surveyors 

Prtrr^uisites :   CE-   !  ind  II 

Keferer>>r<:    rnler^:/-    V-perai    Land  Surveying 
Hr»i.i:~i^    Land  Surveying 
r-^rfr=.l   L-Lni   O^oe,   MaBvai  of  InstrwctioRs 
*r-  t*f   S.-^ey   cf  t*>«  Mineral   Lands  of 
: '  -    w  -  te-r   States 

r.f  1 :    :  2       —    i   '  -^    -  ^  -~>*  5-rzrf^er  of  the  soplxxBore 
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II     MINE  SURVETIKO     L«cturM 

This  coarB«  Inclodet  the  theoir  InroWed  In  mine  sunreylng. 
Amons  the  snbjects  ditcnssed  are  the  following:  the  adjust* 
meot  and  uses  of  top  and  side  telescopes  and  other  transit 
accessories  used  In  underground  work;  surface  and  underground 
sorTejs  and  trarerses;  canylng  the  meridian  underground; 
underground  connections;  plumbing  Tertlcal  shafts;  determina- 
tion of  dip,  strike,  and  thickness  of  mineral  deposits  from  results 
of  derelopment.  Including  drill-hole  data;  surrey  and  measure- 
ment of  stopes,  rooms,  and  pits;  methods  of  recording  surreys 
In  Held  books  and  office  records;  methods  of  mapping,  Including 
plans,  eleratlons,  and  sections  of  underground  workings,  and 
the  design  and  uses  of  mine  models. 

Prerequisites:  CJR,  I  and  II 

References:  Trumbull,  Manual  of  Underground  Surveying 
Durham,  Mine  Surveying 
Brough,  Mine  Surveying 
Shurick,  Coal  Mine  Surveying 

One  hour  a  week  during  the  second  semester  of  the  sopho- 
more year. 

Required  of  all  students.  (Wolf) 

in     MINE  SURVETIKO    Field  Work 

This  course  embraces  practice  In  laying  out  mining  claims 
on  the  ground  and  In  sunreying  underground  workings.  The 
students  are  organised  In  suitable  squads  for  efficient  work  In 
the  field.  Each  squad  is  required  to  surrey  a  lode  claim,  placer 
claim,  mill  site,  and  tunnel  site;  locate  and  mark  all  comers, 
as  required  by  law  In  the  case  of  an  actual  surrey;  tie  the  sur- 
Teys  to  proper  section  comers,  or  other  monuments,  and  obtain 
all  field  data  required  for  the  calculation  of  Intersections  with 
confilcting  claims.  The  practice  In  surface  and  underground 
work  Is  glTen  in  one  of  the  neighboring  mining  districts  where 
typical  mines  are  selected  which  proride  a  Tariety  of  problems 
common  to  mine  sunreying,  such  as  shaft  plumbing,  adit  and 
drift  traTersing,  and  making  connections  through  shafts,  tun- 
nels, drifts,  raises,  winzes,  and  stopes.  The  sAident  recelTes 
practice  and  acquires  skill  in  the  use  of  instraments,  the  taking 
of  measurements,  and  the  securing  of  Important  data  under  the 
nomerous  disadvantages  and  disagreeable  conditions  common  to 
underground  work.  The  location  of  water  rights  and  the  sur- 
▼«yiac  of  ditches,  fiumea,  pipelines,  and  aerial  tramways  are 
iachided  In  thlf 
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PrerequisiteB:  Courses  I  and  H 

References:  Underhill,  Mineral  Land  Surveying 

General  Land  Office,  Manual  of  Instructions 

for  the  Survey  of  the  Mineral  Landa  of 

the  United  SUtes 
Field  Notes 
Plats  and   Mine   Mapa 

Four  weeks  in  the  summer  following  the  close  of  the  sopho- 
more year. 

Required  of  all  students.  (Wolf) 

IV  MINING  LABORATORY 

Credit  two  hours. 

The  work  in  this  course  is  performed  in  a  mine  located 
on  Mt  Zion,  about  three-quarters  of  a  mile  from  the  campoa, 
where  the  school  has  built  and  equipped  a  mine  shop  and  haa 
driven  a  7  by  8-foot  adit  The  shop  is  equii^ed  with  a  forge 
and  tools  for  blacksmithing,  timbering,  track-laying,  piping,  and 
repair  work;  also  drill  steel,  machine  drills,  mine  cars,  and 
other  apparatus  used  in  the  underground  work.  The  students 
work  in  squads  of  three  or  four  and  perform  all  of  the  usual 
duties  involved  in  the  driving  of  a  tunnel,  such  as  track-laying, 
timbering,  drilling  by  hand  and  with  machine  drills,  blasting, 
mucking,  and  tramming.  Under  the  instruction  of  a  practical 
miner  the  students  learn  to  temper  and  sharpen  their  own  steel 
to  suit  the  varying  conditions  of  ground  and  for  the  different 
makes  of  drills.  Opportunity  is  afforded  students  to  do  extra 
work  investigating  the  eflSciency  and  power  consumption  of 
different  makes  of  drills  and  the  relative  advantages  of  various 
brands  of  high  explosives. 

Two  weeks  In  the  summer  following  the  close  of  the  sopho- 
more year. 

Requirexi  of  all  students.  (Wolf) 

V  MINE   MAPPING      Drawing 

Crexiit  one*  hour. 

This  is  a  cr.-.f:  nil  rcv":i:  course  wherein  the  student  is  re- 
quired to  r^r::-n:  a',  o:*::-  AorV;  nec^^ssary  in  connection  with 
the  si:rv,>?  -.\:,  r.  :  ->^  :.:  >^r-r  SurvejTug  Field  Work,  in- 
clidnc  :iv     -v  :  ;     >    rr.i  notes  and  reports  required 

by  L^r.i     r'  -  "   -^  . :. :  s  -vevors  General,  aad  tha  drmw- 
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Prwtqulslle:  Coufm  III 

R^erencM:  Ft«ld  Nol8« 
mm  M^p^ 

Three  hours  a  week  during  the  flret  eemeeter  of  the  Junior 
Required  in  Groups  I.  II.  and  IV  (Wolf) 

VI     PROSPBCTING   AND  THE   LOCATION    AND   BXPLORA- 
TION  OP  MINING  CLAIMS     Lecturee 

Credit  two  hours. 

This  course  is  introductonr  to  all  the  following  metal  mining 
ooorses.  Following  a  presentation  of  the  elementanr  tnd  funda- 
mental principles  of  mining,  the  great  mining  distrlots  of  the 
world,  and  famous  indlTidual  mines  and  mineral  discovsries,  are 
deecrihed  and  discussed.  The  general  principles  of  exploitation 
of  mineral  deposits  are  presented.  Representatlre  mining  costs 
are  reTiewed  and  compared  with  reference  to  the  conditions 
under  which  thej  obtain. 

The  course  also  involves  a  presentation  of  the  regulations  of 
the  Land  Office  and  Surveyors  General,  together  with  instruo- 
tkm  in  the  approved  methods  of  acquiring  title  to  minoral  lands 
with  a  view  to  avoiding  legal  entanglements  and  gaining  maxi- 
■ram  advantage  to  the  locator.  The  course  includes  an  ele- 
aentary  discussion  of  mining  laws  and  regulations  of  the  United 
Slates  and  foreign  countries. 

Two  hoars  a  week  during  the  first  semestsr  of  the  junior 
year. 

Required  in  Groups  I.  II,  III  and  IV  (Wolf) 

Vn    PROiCIPLBS  OF  MIXING    Locturee 

Credit  two  hours. 

This  eourse  is  designed  to  give  thm  student  a  general  vi«w 
of  the  mining  indostry  from  a  business  man's 
Many  of  the  prominent  featuree  of  other  mining 
are  presented,  with  saitable  discossloo,  but  a  study  of 
details  Is  avoided.    The  chief  object  of  tiM  course  Is  to 
of  the  student  who  reqnirss  a  general  knowl- 
bnt  does  not  intend  to  speriaHie  In  ss€<al  mining 

during  the  eeeond  seaMStcr  of  the  junior 


nr  CWeifl 
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VIII  MINE  ACCOUNTING    Lectures 

Credit  two  hours. 

This  course  begins  with  the  fundamental  principles  of  book- 
keeping. The  student  is  taught  how  to  use  the  various  books, 
records,  and  blanks  involved  in  standard  systems  of  accounting. 
The  course  is  designed  to  impart  a  clear  knowledge  of  double 
entry  bookkeeping.  Special  attention  is  given  to  systems  em- 
ployed in  dealing  with  the  accounts  of  mining  corporations, 
classification  of  mine,  mill,  and  smeltery  accounts,  and  the  dis- 
tribution of  mining  expenditures.  The  student  is  taught  how  to 
analyze  costs,  compile  an  operating  statement,  take  off  a  trial 
balance,  and  prepare  a  financial  report  Each  student  is  required 
to  enter  in  a  set  of  blank  forms  the  transactions  covering  a 
month's  operations  of  a  mining  company. 

References:  Carlton,  American  Mine  Accounting 

Lawn,  Mine  Accounts  and  Mine  Bookkeeping 
Greendlinger,  Accounting  Theory  and  Practice 
Wallace,  Simple  Mine  Accounting 
Wolf,  Notes  on  Mine  Accounting 

Two  hours  a  week  during  the  first  semester  of  the  junior 
year. 

Required  in  Group  I  (Wolf) 

IX  MINING  CORPORATIONS     Lectures 

Credit  one  hour. 

This  course  covers  the  essentials  of  corporation  law  involved 
in  the  organization  and  operation  of  industrial  corporations,  par- 
ticularly those  engaged  in  mining.    The  various  steps  in  the  life 
of  a  mining  corporation  are  discussed  and  analyzed,  and  the 
ordinary  vicissitudes  and  the  usual  methods  of  facing  them  are 
illustrated  by  typical  examples.    Methods  of  recording  a  corpo- 
ration's activities  in  the  general  books  of  accounts  are  explained. 
References:   Lough,  Corporation  Finance 
Bush,  Uniform  Business  Law 
Wolf,  Notes  on  Mining  Corporations 
Corporation  Laws 

One  hour  a  week  during  the  first  semester  of  the  junior 
year. 

Required  in  Group  I  (Wolf) 

X  PLACER  MINING      Lectures 

Credit  three  hours. 

This  co'irse  covers  the  th^^c^y  and  practice  involved  in  the 
recovery  of  preoo  .s  ineta's  rroni  sand  and  gravel  deposits. 
Among  the  <:!>:>  :  >o  sso  i  are:  panning,  rocking,  sluicing; 
methods   of   t  x'.racfn;:    cr.ive".    for   sluicing;    hydraulicing;    drift 
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mining;  dry  plmcering;  dredges  and  tbelr  operation;  thawing 
froien  ground.  Typical  operations  are  considered  in  detail,  and 
special  attention  is  paid  to  capacity  of  machinery  and  operating 
costs. 

References:  Longridge.  Hydraulic  Mining 

Longridge.  Gold  and  Tin  Dredging 
Wilson,  Hydraulic  and  Placer  Mining 
Weatherbee,   Dredging   for  Qold   in   California 
Aubnry,  Qold  Dredging  In  California 
Three  hours  a  week  during  the  second  semester  of  the  Junior 
year. 

Required  in  Group  I  (Wolf) 

XI     METAL  MINING    Lectures 
Credit  two  hours. 

This  course  begins  with  a  discussion  of  surface  prospecting 
in  rarious  countries,  the  methods  employed  and  the  equipment 
required;  and  prospecting  for  ore,  oil,  and  water  by  means  of 
chum  drilling  and  core  drilling.  Next,  the  methods  of  opening 
and  dereloping  the  different  types  of  mineral  deposits  are  con- 
sidered and  compared.  The  Tarious  methods  of  ezcsTating  earth 
and  rock  are  discussed  and  the  different  tools  employed  are  de- 
scribed. Shaft  sinking  and  tunnel  driving  are  described,  and 
the  different  systems  of  stoping  are  explained.  The  course 
Includes  the  consideration  of  mine  timbering;  the  kinds  and 
properties  of  Umber,  and  special  methods  of  framing;  methods 
of  supporting  rein  walls  with  ore  and  waste  filling;  hand  and 
machine  drills  and  drilling  methods;  the  different  kinds  of  ex- 
plosiTes  and  their  use  in  blasting;  underground  haulage;  hoist- 
ing; surface  transportation;  wire  rope  tramways;  pumping; 
Tentilation;  lighting;  and  sanitation. 

References:  Hoover,  Principles  of  Mining 
Young,  Elements  of  Mining 
Storms,  Timbering  and  Mining 
Brinsmade.  Mining  Without  Timber 
Sanders,  Mine  Timbering 
Brunswig.  Explosives 
Dana  and  Saunders,  Rock  Drilling 
Brunton  and  Davis.  Modem  Tunneling 
Lauchli,  Tunneling 
Crane.  Ore  Mining  Methods 
Gillette.  Handbook  of  Rock  Excavation 
Ihlseng  and  Wilson,  Manual  of  Mining 
Peele.  Mining  Engineer's  Pocketbook 
Two  hours  a  week  during  the  first  semester  of  the  senior 
r. 
Required  (Wolf) 
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XII  METAL  ^ININO    Lectures 
Credit  two  hours. 

ThlB  course  Includes  the  discussion  and  solution  of  «  variety 
of  practical  mining  problems  which  the  student  la  Ukelj'  to 
encounter  in  practice.  Knowledge  gained  In  previous  mlnlUE 
courses  Is  applied  to  problems  in  haulage,  hoisting,  surface  tram- 
ming, and  pumping.  The  selection  and  arrangement  of  surface 
and  underground  equipment  is  discussed.  The  various  forms  of 
power  used  In  mining  operations  are  discussed  and  their  appli- 
cations and  relative  advantages  explained.  Some  of  the  lectures 
are  illustrated  br  lantern  stidea  of  various  mine  structures  and 
machlnerr  Installations ;  the  subjects  so  illustrated  are  dis- 
cussed and  the  engineering  principles  considered  in  their  selec- 
tion and  Involved  in  their  operation  are  explained. 
References:  Hoover,  Principles  of  Mining 

Toung,  Elements  of  Mining 

Walher,  Electricity  In  Mining 

Redmaime,  Modern  Practice  In  Mining 

Tinner,  Gold  Mining  Machinery 

Ketchum,  Design  of  Mine  Structure! 

Peele.  Mining  Engineer's  Pocketbook 

Handbook  of  Mining  Details 

Details  of  Practical  Mining 
Two  hours  a  week  during  the  second  semester  of  the  senior 

Required  in  Group  1  (Wolf) 

XIII  MINE  VALl-ATIO-N     Lectures 
Credit  two  hours. 

This  course  Includes  a  detailed  discussion  of  the  methods 
of  mine  sampling.  The  sampling  oE  fissure  veins,  placer  de^ 
posits,  and  coal  seams  is  carefully  explained.  The  measurement 
of  ore  bodies  and  the  methods  of  estimating  tonnage  are  de- 
scribed; the  systems  o(  classifying  ore  are  dlscuaaed.  The 
course  includes  an  analytical  study  of  (he  following  subjects; 
factors  influencing  payability  of  ore;  relation  between  vein 
width  and  stoping  width;  iindercround  wastes  and  losses;  min- 
ing costs:  influence  o(  tnmeralogtca!  composition;  losses  and 
deductions  invoivtd  '.:•.  moral lurglcal  treatment;  milling,  trans- 
portation, and  f.r.i''.:-:.:.-  oor^ts;  valuation  of  ore  bodies:  valuation 
of  surface  sn.;  -^r. ieriro'^r.d  e^rnprnont;  appraisement  of  water 
right?  a:-.:  >■■■:■:  ■.-■.:■■'-'.  =  :  ■.r.ies'.icatien  of  geological  features 
acJ  I'.o  ;To;.i;  ■.:.-  ■  -  ,.t  :  ;-of?;'-.:::ii-j  of  c-itension  of  ore  bodies; 
ca:c;;:,i::,-'r;  >■;  :■  .■■:.■•  ■.:::  ■>.;;.:  .;i7>ri^ciation  of  t 
aino";:.itiv"i!  i--:'  ..v."-.,;      >i-.'.V.ci:  ct  recording  a 
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cmlculations,  and  compiling  daU  In  compreh^nslTe  form,  are  de- 
scribed. SacsesUons  are  given  for  the  arrangement  and  pre- 
sentation of  the  essentia]  information  required  in  mine  reports. 

References:  Rickard,  Sampling  and  estimation  of  Ore  In  a 

Mine 
Bomham,  Modem  Mine  Valuation 
Ounther.  Examination  of  Prospects 
Hersig,  Mine  Sampling  and  Valuing 
Somermeier,   Coal,    Its   Compoeitlon,   Analysis, 

Utilixation,  and  Valuation 
Spurr,  Qoology  Applied  to  Mining 
Eckel,  Iron  Oree 
HooTer,  Principles  of  Mining 
Denny,   Diamond  Drilling  for  Qold  and  Other 

Minerals 
Wolf.  Notes  on  Mine  Valuation 

Two  hours  a  week  during  the  first  semester  of  the  senior 
year. 

Required  in  Group  I  (Wolf) 

XIV    ECONOMICS  OP  MINING     Lectures 

Credit  one  hour. 

This  course  begins  with  a  brief  review  of  the  fundamental 
principles  of  political  economy.  Then  follows  an  analytical 
discussion  of  the  underlying  factors  which  influence  the  opera- 
tion of  the  Tarious  types  of  industrial  enterprises,  with  special 
attention  to  mining  corporations.  The  different  classes  of  cor- 
porate securities  are  described  and  the  factors  which  influence 
the  Tslue  of  mining  securities  are  discussed.  Mining  costs  are 
classified  and  analyzed.  The  application  of  business  principles 
to  mining  is  explained  and  emphasised. 

References:  Babson,  Business  Barometers 
Rickard.  Economics  of  Mining 
Finlay.  Cost  of  Mining 

Skinner  and  Plate.  Mining  Costs  of  the  World 
Fish.  Engineering  Economics 
Conway.  Investment  and  Speculation 
Walker.  Political  Economy 
Seager.  Economics 
Meade,  Economics 
Bullock.  Selected  Readings  In  Economics 

One  hour  a  week  during  the  second  semester  of  the  senior 


(Wolf) 
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XV    MINE  MANAGEMENT    Lectures 

Credit  one  hour. 

This  course  includes  a  discussion  of  the  following  topics  : 
personal  qualities  involved  in  efficient  management:  value  of 
versatile  technical  knowledge  and  experience;  general  and 
department  organization  of  working  forces;  application  of  the 
principles  of  efficiency  engineering;  value  of  husiness  ability 
and  diplomacy;  influence  of  ideals,  enthusiasm,  loyalty  and 
eaprit  de  corps;  systems  of  labor  compensation;  classification 
of  labor  and  efficiency  reward;  contracts  and  specifications; 
leasing  systems;  marketing  mine  and  mill  products;  analysis  of 
smeltery  contracts;  analysis  and  distribution  of  mining  cost; 
purchase  of  supplies;  care  and  maintenance  of  surface  and  under- 
ground equipment;  developing  and  operating  policies;  and  com- 
pilation of  periodical  operating  reports. 

References:  Elmerson,  The  Twelve  Principles  of  Efficiency 

Taylor,    The    Principles   of   Scientific    Manage- 
ment 
Parkhurst,  Applied  Methods  of  Scientific  Man- 
agement 
Gilbreth.  Motion  Study 
Galloway,  Business  Organization 
Gestenberg  and  Hughes,  Commercial  Law 
Brinton,     Graphic     Methods     of     Representing 

Facts 
Wolf,  Notes  on  Mine  Management 

One  hour  a  week  during  the  second  semester  of  the  senior 
year. 

Required  in  Group  I  (Wolf) 
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MIUTARY  ART 


Students*  Army  Training  Corps 


On  September  12.  1918,  the  Board  of  Trustees  passed  the 
following  resolution  making  military  drill  compulsory: 

"That  on  and  after  September  1,  1918.  military  drill  and 
instruction  be  required  of  all  students  in  the  school  not  physi- 
cally disqualifled.  or  excused  by  the  presideut  of  the  faculty  with 
the  concurrence  of  the  commanding  oflicer  assigned  by  the  War 
Department." 

The   War   Department    accepted    the    school    as   a    unit   of 

the  Students'  Army  Training  Corps  and  military  instruction  is 

given  under  the  direction  of  the  following  corps*  of  ofllcers  of 

the  United  States  Army: 

HERBERT  J.   SHBPHERD.   Ist   Lieut.   U.  S.   A. 
Commanding  Officer 

GLENN  B.  UTTON,  2nd  Lieut.  U.  S.  A. 
Adjutant 

CARL  B.  JOHNSON,  2ni  Lieut.  U.  S.  A. 
Personal  AdjutJUit 

ALBERT  F.  CORFMAN.  2nd  Lieut.  U.  S.  A. 
Supply  Officer 

FIX)YD  M.  BILYEU,  2nd  Lieut.  U.  S.  A. 
Assistant  Supply  Officer 

ARTHUR  R.  FISH.  2nd  Ueut.  U.  S.  A. 
Detachment  Commander 
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MINING  LAW 


Joseph  8.  Jaffa,  Professor 


I     MINING  LAW  (Elective) 
Credit  one  hour. 

a.  Status  of  the  law  previous  to  the  discovery  of  gold  in 

California  in  1848. 

Organizatloii  of  mining  districts  in  California  and  other 
states;  Federal  legislation;  subsequent  state  legisla- 
tion. 

b.  Lode  claims  under  the  act  of  1872. 

Valuable  mineral  deposits;  surveyed  and  unsurveyed  land; 
vein  or  lode;  in  place;  apex;  mining  claims  and  loca- 
tion. 

c.  ImportiCnt  requisites  of  a  valid  lode  location. 

Discovery  and  location;  sinking  of  shaft;  posting  of  no- 
tice and  recording;  size  of  location;  apex  within  the 
location;  end  lines;  side  lines;  side-end  lines;  over- 
lapping. 

One  hour  a  week  during  the  first  semester  of  the  senior  year. 

(Jaffa) 

II     MINING  LAW     (Elective) 
Credit  one  hour. 

d.  Extralateral  rights  under  the  act  of  1872. 

Broad  lodes;  vein  entering  and  leaving  on  same  side  line; 
vein  crossing  both  parallel  side  lines;  vein  crossing 
end  lines  and  side  lines;  miscellaneous  cases. 

e.  Secondary  veins. 

f.  Discussion    and    interpretation    of    Federal    and     State 

Courts  of  Sec.   2336  U.   S.   Rev.   Statutes  as  to   "the 
Space  of  Intersection". 

g.  Placer  claims: 

What  is  locatable  as  placer;  acts  of  location;  known  lodes 
within  placers. 

h.    Tunnel  sites. 

Location;  location  of  blind  veins  in  tunnel  sites;  rights 
of  way  through  prior  patented  or  unpatented  claims. 

i.  Mill  sites. 

j.  Annual  labor  or  assessment  work, 

k.  Abandonment,  forfeiture,  and  relocation. 

1.  Patent. 

One  hour  a  week  during  the  second  semester  of  the  senior 
year.  (Jaffa) 
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PHYSICS 


Frank  E.  E.  Qarmann,  Profastor  of  Physics  and 
Elactrleal  Enginaaring. 

Joaaph    William    Qrayt   Aaalatant   Profaaaor   of 
Elactrical  Englnaarlng. 


The  couraea  in  Phyaica  are  intended  to  giTO  the  atudent  a 
broad,  general  knowledge  of  the  whole  aubject,  aa  well  aa  the 
knowledge  moat  eaaentlal  to  hla  work  aa  a  mining  or  metallnrgi- 
cal  engineer.  Special  attention  ia  given  to  the  general  Uwa  un- 
derlying the  acience,  and  the  hlatory  of  the  development  of  the 
more  important  dlacoveriea  ia  carefolly  studied.  In  the  labora- 
tory couraea,  the  purpoae  ia  to  excite  In  the  atudent  an  intereat 
in  experimentation  and  to  develop  the  ability  for  careful  obaer- 
▼ation.  Special  attention  ia  given  to  report  writing  and  the 
graphical  interpretation  of  reaulta. 

I    GENERAL  PHYSICS     Lectiirea 

Mechanica  of  aolida  and  fluida;  aound;  heat. 

A  courae  of  lecturea,  illustrated  by  experimenta,  and  recita- 
tions with  aaaigned  problema.  The  aubjecta  treated  are  mechan- 
ics, including  the  elements  of  kinematics,  dynamics,  and  hydro- 
statics; the  properties  of  matter;  heat,  including  thermometry 
and  expansion,  calorimetry,  change  of  state,  conduction,  radia- 
tion, kinetic  theory  of  gases,  and  the  elements  of  thermody- 
namica;  sound,  including  wave  motion  in  general,  production 
and  propagation  of  aound  wavea. 

Prerequisitea:  Mathematica   I   to   lY,   induaive,  and   regie- 

tration  in  Mathematica  V. 

Text:  Kimball,  Textbook  of  Phyaica 

Referencea:  Preaton,  Theory  of  Heat 
Bdaer,  Heat  for  Studenta 
Barton,  Textbook  of  Sound 

Three  lecturea  and  two  recitationa  a  week  during  the  first 
semester  of  the  sophomore  year. 

Required  of  all  students.  (Oermanii) 
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II  ELBMBNTART  PHYSICAL  MEASUREMENTS     Laboratory 

This  course  is  arranged  to  accompany  Course  I.  A  selected 
group  of  experiments  in  mechanics,  sound,  and  heat  are  per- 
formed, and  a  complete  report  on  each  experiment  is  presented. 
It  is  the  aim  to  train  the  student  to  write  clear,  concise  reports 
on  the  work  performed,  and  to  give  a  complete  analysis  and  dis- 
cussion of  results.  Whenever  possible  curves  are  plotted  and 
interpreted.  The  aim  of  the  course  is  to  teach  the  student  the 
necessity  of  careful  work  as  well  as  to  have  him  acquire  skill  in 
physical  measurements. 

Prerequisite:  Registration  in  Course  I 

Laboratory  Manual:  Nichols  and  Blaker 

Six  hours  a  week  during  the  first  semester  of  the  sophomore 
year. 

Required  of  all  students.  (Oermann,  Gray) 

III  GENERAL  PHYSICS     Lectures 

Electricity,  magnetism,  and  light. 

This  course  is  a  continuation  of  Course  I.  The  subjects 
treated  are  electricity  and  magnetism,  including  electrostatics. 

electrokinetics,  thermo-electricity,  magnetic  induction,  electro- 
magnetism,  electrolysis,  the  electro-magnetic  theory,  and  electric 
oscillations;  conduction  of  electricity  through  gases,  and  radio- 
activity;   light,  including  propagation   reflection,  refraction,  dis- 

Prerequisites:   Mathematics  V 

Physics  I  and   II 

Text:   Kimball.  Textbook  of  Physics 

References:   Wood,  Physical  Optics 

Starling,   Electricity  and  Magnetism 

Three  lectures  and  two  recitations  a  week  during  the  second 
semester  of  the  sophomore  year. 

Required  of  all  students.  (Germann) 

IV  ELEMENTARY  PHYSICAL  MEASUREMENTS     Laboratory 

A  continuation  of  Course  II 

Prerequisitt-.- :    Course  II  and  registration  in  Course  III 

laboratory   Manual:    Nichols   and   Blaker 

Six  hoiir<  a  w^^^k  dnriiii:  the  second  semester  of  the  aopho- 

more   yt^ar. 

R'?']i:!re<i   oi   all   students. 
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V  ANALYTICAL  MECHANICS     L«ctur«t 

Credit  three  hours. 

This  course  consists  of  the  study  of  the  fundamental  and 
derived  laws  of  matter,  force,  and  motion,  with  their  application 
to  engineering  problems.  The  chief  topics  treated  are  compo- 
sition and  resolution  of  forces;  solution  of  framed  structures; 
center  of  gravity;  moment  of  inertia;  kinetics  of  a  particle;  pro- 
.^ectlles;  work;  power;  energy;  friction;  kinetics  of  rigid  bodies; 
and  impact.  The  course  is  taught  by  text  assignments,  with  lec- 
tures and  recitations.  Special  emphasis  is  placed  upon  problem 
work. 

Prerequisites:  Math.  V  and  VI;  Physics  I  and  II 

Text:  Fuller  and  Johnston.  Applied  Mechanics 

References:   Minchin.  Treatise  on  Statics 
Routh,  Dynamics 
Ziwet,  Theoretical  Mechanics 
Church,  Mechanics  of  Engineering 
Msurer.  Technical  Mechanics 
Church.  Notes  and  Examples  In  Mechanics 

Three  hours  a  week  during  the  first  semestar  of  the  Junior 
year. 

Required  in  Groups  I.  11.  Ill,  and  IV  (Qermann) 

VI  ELECTRON  THEORY  AND  RADIOCTIVITY     Lectures 

(Elective) 

Credit  two  hours. 

This  course  consists  of  lectures  illustrated  by  experiments 
In  the  Isboratory.  The  subjects  considered  are:  conduction  of 
electricity  through  gases;  properties  of  ROntgan,  Lenard,  and 
Canal  rays;  study  of  X-ray  spectrometry;  methods  used  In  the 
determinstion  of  the  msss  and  charge  of  the  electron;  radioac- 
tive sttbstsnces  and  their  transformations,  together  with  a  study 
of  the  vsrlous  Isborstory  methods  of  measuring  the  activity  of 
radioactive  minerals. 

Prerequisite:  Course  III 

Two  houra  a  week  during  the  flrat  semester  of  the  Junior 
year.  (Qermaan) 

Vn    BLBSCTRICAL  MEASUREMENTS     Laboratory     (Elective) 

Cradlt  one  hour. 

**%!»  ooiirsa  deals  with  the  theory  of  the  absolute  and  relative 

rarloas  eleetrloal  and  magnetic  quantities 


Prerequisite:  Course  III 

Three  bours  a  week  during  the  first  semester  of  the  Jniilor 
rear.  (Qermami) 

Vni     ALTERNATING  CURRENTS     Lsborstory     (Elective) 

Credit  one  hour. 

The  subjects  considered  are:  e.m.t.  and  current  cnrres;  the 
harmonic  e.m.f.  and  current;  circuits  containing  capacity; 
pover  in  alternating  circuits;  graphical  method  of  investigating 
hannonio  e.m.f.  and  currents;  parallel  circnlta;  polyphase 
e.mj.  and  currents;  the  two-phase  system;  the  three-phase 
system;  delta  and  star  connections;  the  alternating  current 
transtonuer;  genera)  equations;  solution  of  equations  under 
varioas  conditions;  transformer  theory  as  applied  to  a.  c  moton. 

Prereqvisite:  Course  m 

Three  hours  a  week  during  the  second  semester  of  the  Junior 
year.  (Germann) 

IX    Et^CTROLTTES  AND  BLECTROI.TSIS    Lecture* 
(ElecUve) 
Credit  one  hour. 

A  detailed  siudj-  of  the  mechanics  of  electrolysis,  the  theory 
of  electrolytic  dissociation,  polarization,  diffusion  of  electrolytes, 
and  contact  difference  of  potential  between  liquids.  The  analysis 
of  simple  and  complex  mixture  of  chemical  compounds  by  elec- 
trolytic conductivity  and  single  potential  method  is  also  studied 
at  lensrth.  The  course  serves  as  an  introduction  to  Course  X. 
and  is  a  prerequisite  to  it. 

Prerequisites;  Courses  1,  II.  in.  and  TV 

One  hour  a  week  duricg  ih?  frs;  semester  of  the  senior 
year.  (Gennann) 


theory  a=i  practice  of 
>iork  ctivered  in  Course 
Fiiive  and  cetitire  lem- 
trv'  K.itiTe  forces  from 
:i  '.^le  car*  c-t  barteriea. 

ST---s;e^r  ct  the  senior 
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XI    CHEBUCAL  PHYSICS     L«ctur««     (ElecUTe) 

Credit  two  hours. 

ThU  coarse  is  slven  to  prepare  the  student  for  a  clear  under- 
standing  of  tbe  underlying  phjrsico-chemical  principles  of  crystal- 
lography, metallography,  and  metallurgy.  The  influence  of  tem- 
perature and  pressure  on  chemical  composition,  crystal  form,  and 
allotropic  modifications  of  the  elements  is  studied  in  connection 
with  their  hearing  on  the  geological  and  mineraloglcal  formation 
of  the  earth's  crust.  The  solution  of  gases  in  metals,  adhesion, 
absorption,  and  occlusion,  together  with  the  phenomenon  of  "spit- 
ting" is  also  considered.  Fusion  and  solidification,  Taportaatioo 
and  condensation,  solid  and  colloidal  solutions,  are  all  given  spe- 
cial attention.  In  connection  with  colloidal  solutions,  questions 
of  flotation  are  taken  up. 

Prerequisites:  Physics  I,  II,  UI,  and  IV  and  Chemistry  I 

and  n 

Two  hours  a  week  during  the  first  semester  of  the  senior 
year.  (Oermann) 

Xn    CHEMICAL  PHYSICS     Laboratory     (ElocUve) 

Credit  one  hour. 

A  group  of  selected  .experiments  clooely  paralleling  the 
work  of  Course  XI  and  illustrating  some  of  the  simpler  chemico- 
physical  phenomena  are  performed. 

Prerequisite:  Registration  in  Course  XI. 

Three  hours  a  week  during  the  second  semester  of  the  senior 
year.  (Oermann) 
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SAFETY  AND  EFFICIENCY  ENGINEERING 


«lam««  Cole  Roberts*  ProfoMor 


On  AiiSQtt  12,  1915,  the  Board  of  TniBteet  passed  the  fol- 
lowing  resolution: 

Whereas,  the  late  Joseph  A.  Holmes,  Director  of  the  Unltod 
States  Bureau  of  Mines  from  the  date  of  its  creation.  May  16, 
1910,  untU  his  death  In  Denver.  July  13.  1916.  devoted  his  life 
to  the  adrancement  of  safety  and  efficiency  In  the  mining  and 
■Mtallnrglcal  Industries  of  the  entire  country;*  and 

Whereas,  It  Is  meet  and  proper  that  a  lasting  memorial 
of  him  should  be  established  and  maintained;  therefore 

Be  It  Resolyed  by  the  Board  of  Trustees  of  the  Colorado 
84±ool  of  Mines  that  there  be  and  hereby  is  created  a  full  chair 
la  this  Institution  to  be  known  as  the  Joseph  A.  Holmes  Pro- 
fessorship of  Safety  and  Efficiency  Engineering. 

I    SAFETY  AND  BFnCIBNCT  ENGINEERIKG    Lectures 

Credit  one  hour. 

The  subjects  In  this  course  are  taken  up  with  respect  to  their 
bearing  on  safety  and  efficiency  as  applied  to  mining,  milling, 
and  smelting  operations. 

liiumination:  the  Importance  of  efficient  lighting  In  mine, 
mill** and  smelteries;  use  of  oil,  acetylene,  gasoline,  gas.  arc,  and 
Incandescent  lights;  candles,  carbide,  safety,  and  portable  elec* 
trie  lamps;  the  Importance  of  efficient  lighting  around  shafts 
and  tipples. 

Ventilation:  deleterious  and  harmful  gases  found  in  eoml  and 
metal  mines;  approved  methods  of  ventilation. 

Explosives:  the  various  types  of  explosives  are  discussed 
from  the  standpoint  of  safety  and  efficiency;  safety  measures  In- 
volved In  the  storage,  handling,  and  use  of  explosives;  approved 
types  of  magaslnes  and  thaw  houses;  blasting  and  shot-0rlng  by 
squibs,  fuse,  and  electric  detonators;  tamping  and  tamping  ma- 
terials, and  the  placing  of  holes. 

Mine  fires:  history  of  some  of  the  Important  mine  (Ires: 
storage  of  oil,  oiling  and  greasing  cars  underground;  explosions; 
gas  and  dnst  axnloaions,  and  incendiarism. 
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Methods  of  fire  prevention:  fire  patrols;  systematic  examina- 
tion of  all  places  where  fires  are  likely  to  occur;  doors;  perma- 
nent stopings  and  bulkheads  of  non-combustible  material; 
organization  of  fire  fighting  6rews  with  fire  drills. 

Fire-fighting  equipment:  ample  water  supply;  air  line  con- 
vertible into  water  line;  sprinkling  device  in  shaft;  water  plugs; 
fire  extinguishers;  telephones*  fire  signals;  fire  pumps;  fire 
doors;  ventilating  fans;  water  barrels  and  fire  buckets. 

Methods  of  extinguishing  fires:  use  of  fire  extinguishers; 
fighting  fire  directly  with  water;  sealing  off  the  fire  zone,  and 
introducing  gases  and  steam;  bulkheading  and  fiooding; 
hydraulic  fiushing;  use  of  rescue  apparatus  and  gas  analysis,  as 
an  aid  in  fighting  fires. 

Gas  and  dust  explosions:  the  excessive  danger  of  gas  and 
dust  in  coal  mines;  a  brief  history  of  some  of  the  important  ex- 
plosions; means  of  preventing  explosions;  use  of  inert  stone  or 
adobe  dust;  Taftnell  and  Rice  stone  dust  barriers. 

References:  Haldane,  Investigation  of  Mine  Air 
Beard,  Mine  Gases  and  Explosions 
Lamphrecht,  Recovery  Work  After  Pit  Fires 
Garforth,    Rules    for    Recovering    Coal    Mines 

After  Explosions  and  Fires 
United  States  Bureau  of  Mines,  Publications 
United  States  Geolo^cal  Survey,  Bulletins 
Cowee,  Practical  Safety  Methods  and  Devices 

One  hour  a  week  during  the  first  semester  of  the  junior 
year. 

Required  in  Group  II.  (Roberts) 

II     SAFETY    AND    EFFICIENCY    ENGINEERING      Laboratory 

Credit  one  hour. 

In  this  course  thorough  instruction  and  training  is  given  in 
the  care,  testing,  and  handling  of  all  lights  used  in  the  mines, 
such  as  candle,  carbide,  safety,  and  electric  lamps.  The  students 
are  required  to  make  inspection  trips  to  operating  mines,  mills, 
and  smelteries  and  inspect  and  report  on  them  as  to  safe  and 
efficient  methods  and  practices  Instruction  and  training  is  also 
given  in  the  various  types  of  rescue  apparatus — the  lungmotor 
and  pulmotor  and  other  mechanical  respiratory  devices — and  in 
the  rejvair.  upkeep,  and  maintenance  of  this  equipment  and 
accessory  apparat  :>  The  r^^soiie  training  is  conducted  in  the 
mine  in  irre<r:r:\h'v  biases,  and  smcke.  and  under  ccmditions 
which  wc  .",:  •  \  <•  n  v:-<o  of  an  ac:ual  mine  fire  or  after  an 
exp*cv<:cn  S  i  :  :<  .-  -^  v^^ ^i  *:  ^-i'i  brattices  and  bulk- 
head?   5:i^     7      !^   ■.      "      ->  ..!.:  r-.7?    r  ::  out  fires  with  hose 
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and  trm  •ztinffiiUh«rt,  and  carry  Injured  men  from  mine  work- 
ings filled  with  smoke  and  gases.  Special  attention  Is  paid  to 
mine  rescue  and  recovery  practices  of  the  govemment,  states, 
and  mining  companies.  Bach  student  Is  required  to  undergo 
a  rigid  physical  and  medical  examination  before  he  is  permitted 
to  take  this  training. 

Reference:  United  States  Bureau  of  Mines,  Publications 

Three  hours  a  week  during  the  first  semester  of  the  junior 
year. 

Required  In  Group  H.  (Roberts) 

III     SAFETY  AND  EFFICIBNCT  ENOINEERINQ     Lectures 

Credit  one  hour. 

This  course  Is  a  continuation  of  Course  I  and  takes  up  the 
following  subjects:  laws  of  the  rarlous  states  relatlye  to  safety; 
policing  and  Inspection  of  mines  by  federal  and  st^ite  oflldals  and 
by  company  Inspectors;  Industrial  accident  commissions  and  com- 
pensation laws  of  the  different  states;  Inspection  and  merit-rating 
systems  as  practiced  by  the  Associated  Insurance  Companies;  ac- 
cidents, their  causes,  classification,  and  means  of  prevention ;  san- 
itation and  health  conditions;  education  and  social  welfare,  night 
schools,  mining  Institutes,  moving  pictures,  and  enterta^ments; 
trade  agreements  and  relations  between  employers;  unionism 
versus  open  shop;  miners'  organisations;  discipline;  reporting  of 
unsafe  or  Inefficient  practices  or  conditions;  safeguarding  all 
machinery;  careful  Investigation  of  all  accidents  Immediately 
after  their  occurrence;  public  meetings  of  employers  and  em- 
ployees In  the  Interest  of  safety  and  efficiency;  suggestion  boxes 
and  bulletin  boards;  bonus  system;  personal  Instruction  to  em- 
ployees; statistics  with  methods  of  obtaining  and  recording  them 
and  their  value  from  the  standpoint  of  safety  and  efficiency; 
purchasing,  storing,  checking,  and  Issuing  materials  and  sup- 
plies; careful  Inspection  of  all  tools  and  equipment;  labor  con- 
ditions; proper  treatment  of  employees  by  employers;  coopera- 
tion. 

References:  Hsldane,  Investigation  of  IMIne  Air 
Beard,  IMine  Oases  and  Exploaiona 
Lamphrecht,  Recovery  Work  After  Pit  Fires 
Gsrforth,    Rules    for    Recovering    Coal    Mines 

After  Explosions  and  Fires 
United  States  Bureau  of  Mines,  Publications 
United  States  Geological  Survey.  Bulletins 
Cowee,  Practical  Safety  Methods  and  Devices 

One  hour  a  week  during  the  second  semester  of  the  junior 


Required  In  Group  II  (Roberts) 
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IV    SAFETY  AND  EFFICIENCY   ENGINEERING     LalK>ratory 

Credit  one  hour. 

This  course  inyolves  a  practical  study  of  physiology, 
anatomy,  and  hygiene,  and  is  followed  by  thorough  instruction 
and  training  in  the  care  and  transportation  of  persons  injured 
in  and  about  mines,  mills,  and  metallurgical  plants.  Students 
are  required  to  become  proficient  in  the  use  of  compresses, 
tourniquets,  bandages,  splints,  and  stretchers. 

References:  Lauffer,  Electrical   injuries 

United  States  Bureau  of  Mines,  Publications 
American  Red  Cross,  Textbook  on    First   Aid 
Johnson,  First  Aid  Manual 
Manson,  Tropical  Diseases 
Kober  and  Hanson,  Diseases  of  Occupation  and 
Vocational  Hygiene 

Three  hours  a  week  during  the  second  semester  of  the  Junior 
year. 

Required  in  Group  II  (Roberts) 
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SPANISH 


Leslie   Fairbanks  Pauil,  Assistant  Profsssor  of 

Modem  Languages 


The  purpose  of  these  courses  is  to  familiarise  students  who 
expect  to  do  professional  work  in  Spanish-American  countries 
with  the  fundamental  principles  of  the  grammar;  with  the  sound 
of  the  spoken  language;  and  with  the  forms  of  business  corre- 
spondence and  of  technical  writing  in  current  use  in  those  coun- 
tries. 

I  SPANISH     (Elective) 

Credit  two  hours. 

This  consists  of  a  study  of  elementary  grammar,  accompa- 
nied by  copious  written  exercises  outside  the  class,  and  by  prac- 
tice in  pronunciation  and  simple  translation  in  the  class.  Span- 
ish conversation  will  be  introduced  graduklly,  with  constantly 
increasing  use  of  the  language  in  conducting  the  class. 

Text:  Hills  and  Ford.  First  Spanish  Course 

Two  hours  a  week  during  the  first  semester  of  the  freshman 
year.  (Paul!) 

II  SPANISH     (Elective) 

Credit  two  hours. 

This  course  is  a  continuation  of  Course  I.  It  consists  of  ad- 
vanced study  of  Spanish  grammar  and  its  application  to  Spanish 
composition.  Classes  are  conducted  as  completely  as  possible  In 
Spanish. 

Prerequisite:  Course  I 

Texts:   Hills  and  Ford.  First  Spanish  Course 
Crawford.   Spanish   Composition 

Reference:  "La  Revista  del  Mundo.**  (Current  issues) 

Two  hours  a  week  during  the  second  semester  of  the  fresh- 
man year.  (Paull) 


reading  and  reporta  baaed  upon  Hiapano-Americaii  Jooraala. 
Texts:  Harriscn,  Spanish  Corraapondenes 

fiaplnoaa,  Advanced  Spanish  Composition  and 
Conversation 
RetorsBces:   QraJiam  and  OIItst,  Spanish  Commercial 
Practtcs 
Hslse,   tMctlonary  of  Spanitft-Engllsh   Mining 
and  Metallurgical  Terms 
Two  honra  a  week  during  the  flrst  semester  ot  tha  sopbo- 
more  r«sr.  {Fsoll) 

rv    SPANISH    (Elective) 
Credit  two  boars. 

Continuation  of  Course  III 
Prerequisite;   Course  in 

Two  hcurs  a  week  durinp  the  second  semester  of  the  sopho- 
more year.  iPanll) 

V     SPANISH     (Electivel 
Credit  one  hour. 

This  course  is  intended  for  Irregular  students  who  hare 
only  a  brief  time  in  which  to  get  a  start  in  the  knowledge  of  the 
language. 

Text:   Hall.   All   Spanish   Method 
One  hour  a  week  liurinp  Ilie  firsi  semester  of  the  Junior  rear. 
iPauUj 

\T     SPANISH   lElectJvc  i 
Credit  one  hour 
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INSPECTION  TRIPS 


The  same  importance  is  attached  to  the  Inspection  trips  as 
to  class-room  and  lahoratory  work.  Grades  are  siven  on  reports 
tnbmitted  and  satisfactory  results  are  required  for  graduation. 

METALLURGICAL      The  study  of  yarions  metallurgical   pro- 
TRIP8  cesses  and  plants  may  be  prosecuted  #ith 

great  benefit  in  Colorado.  Beginning  with 
the  junior  year  and  continuing  throughout  the  senior  year,  in- 
spection trips  are  taken  for  the  purpose  of  supplementing  the 
laboratory  work  and  for  illustrating  the  lecture  oourses.  Printed 
outlines  of  reports  which  carry  out  all  of  the  important  features 
peculiar  to  the  plant  and  to  the  practice,  are  glren  to  the  stu- 
dents. A  written  report  on  each  trip  is  turned  in  for  correction 
and  criticism. 

During  the  Junior  year  the  following  plants  are  Tlsited: 

The  Pueblo  plant  of  the  American  Smelting  and  Refining 
Company,  for  a  study  of  the  metallurgy  of  lead. 

The  Mlnnequa  plant  of  the  Colorado  Fuel  and  Iron  Company 
at  Pueblo,  for  a  study  of  the  manufacture  of  ircm  and  steel  and 
for  the  working  up  of  the  product  Into  commercial  forms. 

The  Globe  plant  of  the  American  Smelting  and  Refining  Com- 
pany at  Denrer,  for  a  study  of  the  metallurgy  of  lead. 

The  sine  plant  of  the  American  Smelting  and  Refining  Com- 
pany at  Pueblo,  for  a  study  of  the  metallurgy  of  tine. 

During  the  senior  year  the  following  plants  are  Tlsited: 

The  Jackson  and  other  mills  in  Idaho  Springs,  for  the  study 
of  ore  dressing. 

The  rarious  stamp  mills  of  Black  Hawk  and  Central  City, 
for  the  study  of  amalgamation. 

The  plants  of  the  Ferro-Alloy  Co.  and  the  Iron  Mountain 
Alloy  Co.  at  Denver. 

The  Portland  and  Vindicator  Mills  at  Victor. 

The  Golden  Cycle  Mining  and  Reduction  Co.  Plant  at  Colo- 
rado Springs. 

MINING  TRIPS       During  the  junior  and  senior  years,  the  stu- 
dents are  taken  to  well  known  Colorado  min- 
diiliicta  for  the  inspection  of  actual  mining  operations, 
k  i^nmBcad  la  such  order  as  to  introduce  different 
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interesting  features  and,  at  the  same  time,  to  emphasize  definite 
portions  of  the  classroom  instruction.  Attention  is  paid  to  sur- 
face plants,  underground  equipment,  mining  systems,  and  to  all 
the  regular  operations,  both  above  and  below  ground.  Lectures 
precede  these  trips  to  explain  their  objects,  the  particular  proper- 
ties to  be  visited,  and  the  operations  to  be  witnessed.  Printed 
outlines  are  furnished  and  each  student  is  required  to  submit  a 
report,  illustrated  by  his  own  sketches. 

ELECTRICAL  In  connection  with  the  junior  mining  trip  to 
A^(D  Breckenridge,  Colorado,  a  study  is  made  of 

MECHANICAL  the  application  of  electric  power  to  dredging, 
POWER  PLANT  milling  and  mining.  Near  the  end  of  the 
TRIPS  junior  ^ear  the  class  visits  the  plants   and 

sub-stations  of  the  Denver  City  Tramway  Com- 
pany and  of  the  Denver  Gas  and  Electric  Company.  Here 
they  see  in  operation  nearly  all  the  electrical  machinery  and  ap- 
paratus studied  during  the  year.  The  seniors  make  a  combined 
steam  and  electric  plant  trip  to  the  station  of  the  Northern 
Colorado  Power  Company  at  Lafayette,  Colorado. 

AVAILABLE    MINING,    METALLURGY,    ENGINEERING,    AND 

GEOLOGICAL  TRIPS 

COLORADO 

Portland. 

Metallurgy. 

Colorado  Portland  Cement  Company:  crushing  and 
fine  grinding  of  raw  material  and  clinker. 

Cano.n  City. 

Metallurgy. 

Empire  Zinc  Company:  wet  and  magnetic  separation 
of  zinc  ores  and  magnetic  treatment  of  Wilfley 
table  middlings:  experimental  plant  with  mag- 
netizing roasier.  magnetic  separators,  dry  and 
ele<  irosiatic    separators,    and    flotation    instalia- 

tiOD. 

A  -  •  :: .  :  •  r.  t  M  t  s  o  z  o :  c  s  edi  mentarv  formations 
'a'  i:-  ;•  ::T.t  :  :n  fine  hog-backs  in  a  great 
-  :   ;     -    -    ^-c   Lc  :r.e  Canon  City  basin. 
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Lkadtillb. 

Metallurgy. 

Arkansas  Valley  Plant  of  the  A.  8.  and  R.  Comi^ny: 
lead  smelting;  Benlght-Lloyd  and  H.  and  H. 
roasting;  and  blast  furnace  treatment  of  silver- 
lead  ores. 

Adams  Mill:  wet  concentration  of  lead  ores. 

Tak  Mill:  magnetic  concentration  with  International 
separators  and  Cleveland-Knowles  separators, 
after  a  magnetizing  roast 

if  intuit. 

The  students  are  taken  into  the  Tak  Tunnel,  through 
the  several  mines  connected  therewith,  and  are 
finally  hoisted  to  the  surface  of  Breece  Hill 
through  the  ahaft  of  the  Little  Jonny  mine.  The 
Moyer,  Tucson,  and  other  mines  are  also  risited. 
Excellent  opportunity  is  afforded  for  studying 
the  two  distinctive  kinds  of  ore  bodies  for  which 
this  district  is  noted,  and  to  learn,  by  observa- 
tion, how  these  dissimilar  ore  bodies  are  at- 
tacked and  their  contents  successfully  extracted. 
Interest  attaches  to  the  unusual  complexity  of 
the  ores,  which  contain  gold,  silver,  and  most 
of  the  base  metal  sulphides,  oxides,  and  car- 
bonates. 

Engineering, 

Arkansas  Valley  Plant.  A.  S.  and  R.  Company:  steam 
power  plant;  capacity  1,500  h.p.;  condensing 
Corliss  engines  belted  to  Connersviile  blowers; 
return  tubular  boilers  equipped  with  underfeed 
stokers. 

Colorado  Power  Company:  steam  power  plant;  Curtis 
turbines,  direct  connected  to  3-phase,  6.600  volt, 
60  cycle  alternators;  current  stepped  up  to 
100,000  volts  for  long  distance  transmission  over 
steel  tower  line;  small  and  moderate  sized 
units;  Alberger  surface  condensers  with  inde- 
pendent dry  vacuum  pump  and  centrifugal  circu- 
lating pump;  400  h.p.  B.  and  W.  bo|lers,  hand 
fired. 

Tak  Tunnel:  Silver  Cord  property;  two-drum  electric 
hoist;  motor  driven  compressors;  compressed 
air  and  electric  driven  pumps;  continuous  cur- 
rent haulage. 


Enaineering, 

Central  Colorado  Power  Compuiy'i  hrdro-electrlc 
plant.  Water  from  tbe  Orsnd  river  Is  conducted 
through  a  tunnel  cot  inside  ol  the  mountain  tor 
approximately  two  and  oneninarter  miles,  de- 
livered through  penstocks  to  coitTal  discharge 
turbines  under  a  head  of  166  feet;  ultimate  ca- 
pacity of  plant  approzlmatalT  25,000  h.p.;  ulti- 
mate transmlssian  voltage  100.000. 

ShOSHOITK  AKD  QLKnWDOD. 

Oeoloffy. 

Archaean  gneiss  and  schist,  nncomlormable  above 
these  are  the  Paleozoic  rocks  exposed  In  the 
canyon  ot  tie  Grand  rirer;  typical  canon  erosion 
and  travertine  deposits.  At  Glenwood  the 
Mesozoic  rocks. 

CTAH. 

This  district  permits  the  study  ot  three  distinct  sys- 
tems ot  miniDi:.  namely,  the  overhead  stoplng. 
the  caving,  and  the  open  pit.  The  extensive 
properties  of  the  I'tah  Consolidated  Uining  Com- 
pany and  ihe  liah  Copper  Mining  Company  are 
open  to  tie  unrestricied  iDSpecUoB  ot  the  class. 
Kurihtir  interest  in  this  district  comes  trom  the 
or!H''r:"a:ty  to  sf.iJy  aerial  tram  systems,  diffi- 
cult ra■.'.rL^ai  ecj:nfering.  and  the  operations  of 
ji-.r.fiV  oor-.r^r.-es  un.U'r  different  systems, 

T'  -  ■.'..-"       ■'<'.  -~   ;  .-.-:_--?  and  limestone,  with  in- 

--     ■   -    -..  ifjff    -.bst    have  marmorlted 

.:;::£.::  the  rriatioMA^  oC  th* 
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BmoHAif  Juiicnoif. 
MetaUurgy. 

United  SUtet  Smelting  ComiMUiy:  ipecUl  roesting 
derlcee  for  lead  oree.  with  neutralisation  and 
bag-housing  of  fumes. 

OAinsLo. 

Metallurgy. 

Utah  Copper  Company:  coarse  crushing  and  roll 
crushing  of  Bingham  ores  with  tabling,  ranning 
and  flotation  methods  of  concentration. 

£fi^tfi^ertii^. 

Utah  Copper  Company:  steam  power  plant;  capacity 
lO.OOO  boiler  h.p.;  600  h.p.  Heine  boilers 
equipped  with  underfeed  stokers;  forced  draft; 
concrete  stacks;  large  cross  compound  Allis  and 
Nordberg  engines  direct  connected  to  a.0.  gen- 
erators; Wheeler  surface  condensers  with  inde- 
pendently driven  Bdwards  air  pomps. 

American  Smelting  and  Refining  Company;  steam 
power  plant;  large  horisontal  blowing  engines; 
single  stage  air  compressors  driven  by  cross 
*  compound  Corliss  engines;  Worthington  snr- 
f^tce  condensers  with  Blake  air  and  circulating 
pump;  600  h.p.  Stirling  boilers  equipped  with 
plain  grates. 

Salt  Laxx  Cttt. 

Metalturgy. 

General  Engineering  Company:  special  devices  for 
screening,  classifying,  and  concentration  of  ores. 

Otology- 

Excursion  into  the  Wasatch  range,  to  see  the  great 
synclinal  fold  and  the  Wasatch  fault:  very 
recent  tmu\ia  and  glacial  features;  Lake  Bon- 
neville terrace  formations. 

MONTANA, 
Bum. 

Metallurgy. 

The  Precipitation  plants:  recovery  of  dissolved  cop- 
per from  mine  waters;  leaching  and  recovery  of 
soluble  values  from  dumps. 

'^^Hm  and  Superior  Mill;  Timber  Butte  Mill. 
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Mining, 

The  mines  of  this  district  exhibit  modem  practices 
of  lode  mining  in  high  grade  copper  ore.  Among 
the  noteworthy  mining  features  studied  are: 
deep  mining  with  the  involved  difficulties  of 
drainage,  ventilation,  and  timbering;  steel  sur- 
face structures;  automatic  loading  and  dumping 
of  ore;  rapid  hoisting;  mechanical  framing  of 
timbers;  handling  of  large  volumes  of  acid 
water;  square  set  stoping;  the  driving  of  work- 
ing levels  in  country  rock;  the  naturally  high 
temperatures  of  the  working  places;  and  the 
systematic  recording  of  every  operation.  Mine 
and  geological  underground  surveying  are  ex- 
emplified in  the  practices  of  the  Amalgamated 
Copper  Company. 

Geology. 

Secondary  enrichment  of  original  sulphide  ores;  the 
relationship  of  these  ore  bodies  to  the  remark- 
able fault  systems  of  Butte;  the  study  of  granite, 
aplite,  porphyry,  and  rhyolite  rocks. 

t^ngineering. 

Anaconda  Copper  Company:  mine  plant  at  the  New 
Leonard,  5,500  h.p.  Xordberg  hoist;  150  foot 
steel  bead  frame;  two  stage  Nordberg  air  com- 
pressors rope  driven  by  induction  motors;  lo- 
comotive type  of  boilers. 

Anaconda  Copper  Company:  mine  plants  at  the 
Diamond  and  Bell  mines;  very  large  air  com- 
pressing plant:  two  stage  compressors  equipped 
lor  either  sieam  or  motor  drive;  3,000  h.p. 
Aiiis  hoisting  engine:  marine  type  of  boilers; 
high  steel  head  frame  with  automatic  dumping 
attachments. 

Missouri  River  Power  Company:  steam  power  plant; 
\Vo<t::.cho;i<o     Parsons    turbines,   connected    to 
:or>     surface   condensers   with   inde- 
c:.:  V    rr  Ntii    air    and    circulating    pumps; 
•    \\      0     's  e;u :r?ed  with  Roney  stokers; 
:  :  >  .:    .  ::rer'   station  used  as  relay  for 
<  o:nc  plants  and  operated 
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AltACOHDA. 

JfeloIliM^. 

New  Reduction  Works:  trmck  ■ystem  for  the  dellTery 
of  ores  and  shipment  of  products;  compressed 
air  traction  for  yard  haulage;  concentratlnc  mill 
of  eight  one-thousand  ton  units;  hin  systems; 
briquetting  plant;  largest  furnaces  in  the  world; 
reTerberatory  furnaces;  converter  plant;  refin- 
ing furnaces  and  casting  department;  arsenic 
plant,  and  fiue  systems.  So  much  is  to  be  seen 
here  that  considerably  more  time  ii  spent  in  this 
plant  than  at  any  other  point,  and,  owing  to 
the  courtesy  of  the  management,  much  valuable 
instruction  Is  possible. 

The  Anaconda  Copper  Mining  Company:  brick  de- 
partment; the  manufacture  of  clay  and  silica 
brick  of  the  highest  degree  of  refractoriness  and 
of  all  shai>es. 

EnQineering. 

New  Reduction  Works:  general  power  plants;  large 
triple  expansion  condensing  Corliss  engines 
belted  to  line  shaft;  two  and  four  stage  air  com- 
pressors driven  by  cross  compound  Corliss  en- 
gines; rotary  blowers  of  the  ConnersvUle  and 
Root  types,  direct  connected  to  Corliss  engines; 
rotary  blowers,  rope  driven  from  induction 
motors;  Stirling  boilers  equipped  with  plain 
grates;  rotary  converters  and  transformers  for 
the  high  tension  current  brought  in  from  the 
hydro-electric  plants. 
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UNITED  STATES   BUREAU  OF  MINES 

ROCKY    MOUNTAIN    EXPERIMENT    STATION 

STAFF 

Richard  B.  Moors,  B.  S^  D.  8c. 

Samuel  C.  Lind,  A.  B.,  B.  8^  Ph.  D. 

D*nUI  Harrington,  E.  M. 

John  W.  Marden,  B.  S^  M.  8.,  D.  8c. 

John  P.  BonarttI,  B.  8. 
■    Malcolm  N.  Rich,  2nd  Lieut.  C.  W.  8. 

Chariea  W.  Davis,  B.  S. 

John  E.  Conley,  B.  8. 
There  are  at  the  present  time  ten  experimental  statlona  be- 
longing to  the  United  States  Borean  of  Mines.  These  a»  situated 
at  Plttsborgb,  Pa.;  Golden,  Colo.;  Salt  Lake  Clt7.  Dtah;  Tncson, 
Ariz.;  Berkeler.  Calif.;  SeatUe.  Waah.;  FUrbanka,  Alaska;  Min- 
neapolis, Minn.;  Urbana,  IIL,  and  Columbus,  Ohio.  In  the  ma- 
joritr  of  cases  the  staticms  are  doing  direct  cooperatlTe  work 
with  the  slate  Institutions,  with  the  object  of  promoting  efflciency 
ID  the  miaing  industry.  Each  station  has  assigned  to  it  a  specific 
field  of  work,  to  which,  however.  It  Is  not  abBolntely  coDflne<!. 
The  work  of  the  Rocky  Mountain  station  covers  the  whole  coun- 
try in  its  particular  field. 

At  the  pri^sent  time  tbe  work  is  confined  almost  ezcluslre!}' 
1o  problems  En  connection  with  the  production  and  use  of  various 
rare  ni^ials  (or  war  purposes.  Special  attention  is  being  paid 
to  the  metals  lirLxmium.  vanaiiium,  uranium,  tungsten,  and  molyb- 
denum. Tbe  Bureau  is  interested  In  any  problems  In  connection 
»"ilh  Ibeee  nieials.  the  soluilon  of  which  promises  increased  pro- 
duction, a  higher  effii-iency  of  ireaimen;.  or  greater  usefulness. 

In  onier  to  emond  the  work  o!  tie  &jr*au.  more  particularly 
to  problems  i>;  Colora.'-o  i>res  acii  their  products,  and  also  to 
assist  in  a  closer  ci>.'perai:,-n  w;;!;  the  School  of  Mines,  three 
cooperative  fel^wsh^rs  hjne  ^■ev3  established  by  the  School  of 
Mines  for  the  ?rvse--.ir.-'r.  .■;  r^i-sesri-h  in  mining,  metallttrgy.  and 

T^e  >'..-  ^  >■.  -,-v  :  r  ::.r  K.vky  Mooaiain  region  is 
v.-i,-  ::-■  .    ■"■  ■-         :-irT-.-i-.c:i,  and  also  the  general 

juv;:'  ^    -  •    :    -   >-^v-:.     i-=     Car  Xo- S  h 
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miles.  Car  No.  5  has  headqoaiters  at  Butte.  Montana,  senres 
Idaho.  Montana,  South  Dakota  and  Wyoming,  and  traf  ^ed  orer 
the  entire  territory  last  year.  On  January  1,  1919,  it  is  expected 
to  hare  «  new  car.  No.  11,  with  headquarters  at  Rock  Springs, 
Wyoming,  and  will  prohahly  have  as  its  territory  Southern  Wyo- 
ming. Utah  and  Northern  Colorado. 

The  laboratories  and  offices  of  the  United  States  Bureau  of 
Mines  occupy  the  Engineering  Building.  These  consist  of  two 
large  general  laboratories  on  the  second  floor  for  analytical  and 
research  work;  a  large  laboratory  for  technologic  experimental 
work  in  the  basement;  and,  in  addition,  a  number  of  small  pri- 
vate laboratories  and  rooms  for  special  work.  The  equipment  is 
adapted  to  investigations  in  connection  with  the  rare  metals, 
both  on  a  small  and  semi-commercial  scale.  The  technologic 
laboratory  is  equipped  with  leaching  apparatus  of  various  kinds, 
precipitating  tanks,  filter  presses,  steam-jacketed  kettles,  roast- 
ing, and  fusing  furnaces. 

The  equipment  for  work  in  radioactivity  is  excellent.  Two 
rooms  are  especially  reserved  for  this  purpose.  The  Bureau  pos- 
sesses nearly  two  grams  of  radium  which  it  has  secured  as  its. 
pro  rata  part  of  its  cooperative  work  with  the  National  Radium 
Institute.  Five  hundred  milligrams  of  this  radium  is  reserved 
at  Golden  for  experimental  work.  In  addition,  during  the  past 
year,  the  Bureau  has,  through  its  research  work  and  coopera- 
tion with  the  Welsbach  Company,  received  a  supply  of  mesotho- 
rium  which  will  be  used  for  further  research  work  at  the  Rocky 
Mountain  section. 
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COURSE  FOR  PROSPECTORS  AND  PRACTICAL 

MINING  MEN 


The  Course  for  Prospectors  and  Practical  Mining  Men,  which 
was  inaugurated  by  the  Colorado  School  of  Mines  in  January, 
1915,  proved  so  popular  and  profitable  to  those  who  attended, 
that  the  course  has  been  repeated  each  year  since.  Aa  a  result 
of  the  success  which  attended  this  innovation,  it  has  become  an 
established  part  of  the  work  of  the  School  of  Mines  and  will  be 
offered  annually  as  long  as  there  is  any  apparent  need  or  de- 
mand. The  work  is  planned  so  as  to  keep  the  men  occupied 
throughout  each  day.  This  will  be  an  advantage  from  the  point 
of  view  of  instruction  and  makes  the  course  less  expensive  to 
those  who  attend. 

All  of  the  courses  are  of  the  most  practical  nature  and 
comprise  instruction  in  mineralogy,  common  minerals,  ores, 
and  rocks;  elementary  chemistry;  principles  of  ore  dressing,  as- 
saying, and  the  more  common  metallurgical  processes;  methods 
of  valuing,  buying,  and  selling  ore;  placer  and  lode  mining; 
location  of  mining  claims;  first  aid  to  the  injured  and  safety 
engineering.  They  are  given  entirely  by  regular  members  of 
the  faculty  and  consist  of  lectures,  supplemented  by  practical 
laboratory  demonstrations. 

Those  who  expect  to  take  advantage  of  this  work  are  asked 
to  notify  the  school  authorities  as  soon  as  possible,  in  order  that 
ample  preparation  can  be  made  for  the  work.  Address  all  cor- 
respondence to  The  Registrar,  Colorado  School  of  Mines,  Golden, 
Colorado. 

FEE 

A  single  fee  of  two  dollars  is  charged  for  the  entire  course 
of  four  weeks  and  is  payable  on  registration. 

Outline  of  Subjects 


COMMON   ROCKS  AND  MINERALS 
Professors  Ziegler  and  Van  Tuyl 

Three  hours  lecture  and  six  hours  practical  laboratory  work 
a  week. 

This  course  is  devotod  to  the  study  of  common  minerals, 
ores,  and  rocks  Tho  Instr-iction  includes  blowpipe  reactions, 
with  apparat'is  ar.:  ap: '.laiicos.  A  few  of  the  rarer  ores  in  which 
prospectors  are  :  is'  now  greatly  interested,  such  as  those  of 
chromic.   '  ;:.-:st- :i.   an.',   molybdenum,  will  alsc> 


THE  COLORADO  SCHOOL  OF  MINES  125 

GENERAL  QEOLOQY;  QA8  AND  OIL 
Profeatort  Ziegl«r  and  Van  Tuyl 

Three  hours  lecture  work  a  week. 

This  course  is  devoted  to  such  geological  features  as  throw 
light  on  the  origin  and  manner  of  occurrence  of  ore  deposits  and 
on  the  structural  features  frequently  met  in  mining.  These 
latter  include  faults  and  folds,  strikes  and  dips,  and  the  mutual 
relationship  of  rock  masses.  Particular  attention  is  given 
to  the  kinds  of  rocks  and  geological  conditions  which  appear  to 
alTect  ore  deposition.  An  important  part  of  prospecting  is  to 
know  what  may  he  sought  for  In  the  different  formations.  Gas 
and  oil  geology  is  a  feature  of  this  course. 

CHEMISTRY 
Professors  Botkin  and  L.  D.  Roberta 
Two  hours  lecture  and  six  hours  practical  laboratory  work  a 


The  object  of  the  course  is  to  make  the  prospector  more 
familiar  with  the  use  of  such  apparatus  and  chemicals  as  may  aid 
him  in  supplementing  his  field  work,  and  to  equip  him  with 
knowledge  of  the  characteristic  properties  of  the  common  metals. 
Some  work  on  the  commercially  rare  metals  is  also  giren. 

METALLURGY,  ORE   DRESSING,  AND   ASSAYING 

Professor  Palmer 

Three  hours  lecture  and  six  hours  practical  laboratory  work 
a  week. 

The  following  subjects  are  treated:  principles  and  meth- 
ods of  sampling  as  used  in  mines,  mills,  and  smelteries: 
methods  of  assaying  common  ores:  determination  of  the 
value  of  ores  from  assay  or  analysis:  how  ores  are  bought 
and  sold:  the  value  of  an  ore  to  the  producer;  simple  tests  for 
the  prospector;  nature  of  ores,  crushing,  siting,  and  classifica- 
tion; course  and  fine  concentration  in  water;  methods  of  dry 
concentration:  amalgamation;  fiotation;  electrostatic  and  mag- 
netic separation;  determining  percentage  extraction;  the  cyanide 
process:  leeching  copper  and  sine  ores;  smelting  lead  and  cop- 
per ores;  simple  treatment  plant  for  prospectors. 

The  laboratories  and  experimental  plant  afford  exceptional 
opportunities  for  demonstration  and  the  student  is  given  every 
reasonable  facility  to  study  methods  and  mechanical  appliances. 

PLACER  MINING 
Professor  Wolf 
Two  houra  a  week. 

This  coarse  includes  a  discussion  of  the  theory  and  prac- 

a  iBTohrad  In  the  recovery  of  precious  metals  from  aand  and 

I,    Aoiong  the  subjects  considered  are:  panning. 
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rocking,   Bluiclng,   bydraolicing,    dredging,   and   dry   placering. 
Typical  operations  are  described  for  the  purpose  of  illustration. 

MINING  CLAIMS 
Professor  Wolf 
Three  hours  a  week. 

This  course  includes  Instruction  in  the  methods  of  acquir- 
ing title  to  mineral  lands  in  the  United  States.  Practical  methods 
of  locating  and  surveying  mineral  lands  are  described  and  in- 
struction is  given  in  the  preparation  and  filing  of  documents 
used  in  acquiring  title  to  lode  and  placer  claims;  mill  and  tun- 
nel sites;  timber,  stone,  and  coal  lands;  water  rights.  Mining 
laws  which  are  important  to  the  prospector  are  discussed  and 
explained. 

LODE  MINING 
Professor  Wolf 
Two  hours  a  week. 

This  course  includes  a  discussion  of  surface  prospecting, 
methods  employed,  and  equipment  required.  The  opening  and 
development  of  prospects  to  the  best  advantage  are  discussed; 
also  proper  methods  of  sampling  in  the  mine  and  on  the  dump. 

MINE  SAFETY   ENGINEERING 
Professor  J.  C.  Roberts 

Two  hours  lecture  and  three  hours  practical  work  a  week. 
The  course   in   Mine   Safety   Engineering  includes   the   fol- 
lowing: 

1.  General  safety  in  mines. 

2.  Explosives:  composition  of  explosives  in  general  use  in 
coal  and  metal  mines  and  in  quarries;  composition  of  result- 
ant gases  from  explosives  and  the  danger  of  going  back  too 
soon  after  shots  are  fired:  the  proper  and  improper  methods 
of  handling  explosives. 

3.  Mines  gases:  gases  encountered  in  coal  and  metal  mines, 
prospect  holes,  and  shafts:  their  composition,  methods  of  de- 
tecting, and  removal;  precautions  to  be  taken  to  prevent  ac- 
cumulation: method^  of  recovering  and  removing  men  overcome. 

4.  Mine  lighting. 

5.  Mine  fires:  their  causes,  methods  of  preventing  and 
e3rtinguishing 

6.  Mine  rescv.e  ii:eihods  and  appliances,  with  demonstra- 
tions of  various  tyres  of  mire  rescue  apparatus  in  use,  resusci- 
tating devices,  pv.'roior  ard  ir.ngmotor. 

7.  First  a:d  :.^  :-f  :::.:rt  :.  a  complete  course  in  first  aid 
w:::  ^e  elver.  7  -  r  :  :e?  're  foVowing:  the  human  body: 
wounds.  '^  :;.  .  :.  i  «-  :  r  c:::r-:;  ^^•.:ise5,  sprains,  and  dis- 
:oca:..rs    :-..:'   -    -  :  :v    rd:  ^and ages  and  splints; 


-p-R7*<=' .♦-»;:» T^'  '"^P^  -. 
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SUMMER  SCHOOL 


For  the  benefit  of  matriculmted  students  who  desire  either 
to  make  up  deficiencies  or  to  do  adTsnced  work,  and  for  the 
benefit  of  prospectiye  students  who  have  not  completed  the  re- 
quirements  for  entrance,  a  Summer  School  Is  held  annually  from 
the  middle  of  Julj  to  the  last  of  August 

The  foUowinff  courses  are  usually  giTen: 

Requirements  for  entrance. 

Reriew  Algebra   F>se  IS.00 

Solid  Geometry  Fee    2.00 

Chemistry  Fee    7.00 

Physics    Fee    4.00 

College  Courses: 

Mathematics. 

Mathematics   I  College  Algebra 

"  n  Plane  and  Spherical  Trigonometry 

III  Analytic  Geometry 

IV  Elementary  Calculus 
*            V  Calculus 

**  VI    Calculus 

The  fee  for  each  of  these  courses  is  $2.00. 

Chemistry: 

Lecture  Courses. 

Chemistry  in  QualiUtire  Analysis 

IV  QualiUUTo  AnalysU 

VII  QuanUtaUTO  Analysto 

Vin  QuantitaUTO  Analysis 

The  fee  for  each  of  these  courses  is  $2.00. 

Laboratory  Courses: 

Chemistry  V  QualiUUve  Analysis 

VI  QualiUtire  Analysis 

DC  QuantiUtiTe  Analysis 

X  Quant ItatlTe  Analysis 


•< 


«« 


The  fee  for  each  of  these  courses  Is  $7.00. 
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Mechanical  E^ngineering: 
Lecture  Courses. 

Mech.    Eng.     I    Descriptive  Geometry 


<<  it 


in    Elementary  Machine  Design 
V    Machine  Design 
Vn    Kinematics  of  Machinery 


Drawing  Courses: 

Mech.   Eng.    II  Descriptive  Geometry 

IV  EHementary  Machine  Design 

VI  Machine  Design 

Vm  Kinematics  of  Machinery 


<<  it 

«  « 


The  fee  for  each  'of  these  courses  is  $2.00. 

Metallurgy: 
Lectures. 

Metallurgy  I    Assaying Fee  |2.00 

Laboratory. 

Metallurgy  n    Assaying Fee  |10.00 

Instruction  is  given  by  regular  members  of  the  faculty. 

A  laboratory  deposit,  to  cover  the  cost  of  material  used,  is 
required  in  each  laboratory  course.  Any  unused  portion  is  re- 
turned at  the  end  of  the  course. 

The  numbered  courses  are  described  in  the  catalog.  The 
schedule  of  hours  will  be  arranged  on  the  opening  day. 

For  further  particulars  address  The  Registrar,  Colorado 
School  of  Mines.  Golden.  Colorado. 
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SCHOLARSHIPS 


Scholarships  are  awarded  to  sppllcants  for  admission  who 
show  proflclency  in  their  studies  and  are  recommended  by  the 
proper  school  officials.  A  candidate  must  satisfy  the  require- 
ments for  entrance  and  file  his  application,  with  recommenda- 
tions, on  or  before  July  1  following  his  graduation.  A  scholar- 
ship relieres  the  holder  of  all  tuition  and  laboratory  fees  for  a 
period  of  four  years,  but  will  be  terminated  If  the  holder  does 
not  maintain  a  satisfactory  standing  in  his  studies,  or  does  not 
comply  with  the  requirements  of  the  faculty  or  the  trustees. 

UNITED  STATES  These  scholarships  are  available  to  offl- 
ARMY  AND  NAVY  cers  and  men  who  are  honorably  dis- 
SCHOLARSHIPS  charged  from  the  Army  or  Navy  or  the 

Marine  Corps  of  the  United  States,  and 
may  be  swarded  by  the  President  of  the  school  to  candidates 
who  are  recommended  by  the  proper  Army  or  NaTal  official. 
They  are  intended  to  benefit  men  who  gave  up  their  college 
career  to  enter  the  service  and  who,  sfter  the  war,  wish  to  com- 
plete their  college  course.  To  non-residents  of  Colorado  these 
scholarships  have  an  annual  value  of  approximately  $200.00. 

UNITED  STATES  A  scholarship  is  awarded  each  year  to  each 
SCHOLARSHIPS       State  In  the  Union  on  the  recommendation 

of  the  State  Superintendent  of  Public  In- 
struction.   It  haf  an  annual  value  of  approximately  $200.00. 

COLORADO  A  scholarship  is  given  each  year  to  each 

SCHOLARSHIPS      of  the  accredited  high  schools  of  the  State 

of  Colorado.  It  is  awarded  on  the  recom- 
mendation of  the  principal,  and  has  an  annual  value  of  approxi- 
mately $50.00. 

COLORADO  LABOR  Five  scholarships  are  awarded  annually 

EDUCATION  on  the  recommendation  of  the  Colorado 

ASSOCIATION  Labor  Education  Association.    They  have 

SCHOLARSHIPS  an  annual  value  of  approximately  $50.00. 

FOREIGN  Scholarships  are  awarded  to  each  of  the 

SCHOLARSHIPS      Latin-American   countries,  to  each   of  the 

provinces  of  Canada,  to  Cuba,  Porto  Rioo, 
and  to  the  Philippine  Islands.  They  have  an  annual  value  of 
approxlmat^y  $200.00.  These  scholarships  are  awarded  on  the 
recommendation  of  the  following  officials: 


NlurtguA,  HuitguK 

Mlnlater  ot  Foreign  Relations  and  PabUc  InstmcUon 

Salvador,  Ban  Salvador Secretair  of  PnbUc  Inatroctfam 

Panama,  Panama Secretary  of  Publle  iBstmctlon 

Porto  nico Superintendent  ot  Pablle  Instmctlon 

Cuba Superintendent  ot  Public  loatnictlon 

SOUTH  AMERICA 

AT^ntlna.  Buenos  Alr«s Minister  ot  PobUe  butmetion 

Bollvta.  Sucn Minister  of  JosOea  and  PabUc  Inrtructlon 

BraKtl,  Rio  de  Janeiro 

Minister  ot  Justice,  Intertor  aad  PnbOe  lostnictlan 

OhDe.  Santiago MUBt«'  of  PnkBc  bnlnctloit 

Colombia.  Bogota Mlnlstor  at  PabOc  iMtraeaan 

SctMtdor.  Quito HlnlstM'  ot  PABe  batnetlaB 

P»ragiiiir.  Asuncion 

Minister  ot  Justice.  WorAtp  and  PaABc  taatraetlaa 

Pprn   l.fm» Minister  of  .Tnstice  and  PnBBc  Instruction 

rrnKiiny.  MoTilf\i(loc MiTilsier  of  Public  luEtmctioii 

■V>np7iii'lR   CtiTucnf    ....  ..   Micicter  of  PnbHc  Instrvciioii 

CANADA 

Al)v>nft.  HMmontor.  .    .    .   Ctipt  fiuperlfitendetil  of  BdncalioD 

PritiBli   Ofiliin^.l'is.   Vicrorln       I'liW  SiirierlTi  tan  dent  ot  IMnca.rioii 

Mfiritf>bs.  "Wtrnipoc Mtnisner  ol  Ednotioo 

Wt.    Bnms^-lfk.    rrcdprirlann 

Chip:  SuperlntendeBt  of  EdnraDnc 

Xf>VH  ?rolia    HHlifRi.    .    .         Chio.f  Supprtmimileiil  of  EducKtios 

i"irtnrio    Toronto  'MlniKler  ol  Edncatimi 

Cli^i-f   ^iifprin'onricriT   of  IMnralion  an£   nnnnci' 
(jiicliiv    Qiifhpc  Ccun.-ti  o:  Piihlic  InKtnirriDE 

Sfh5VB'pbPn-Br,    TtciJini.  .    .MhiisiaT  of  Ednnoiiou 

Yulioi,  Tc'-'Tir/    TV.i'-s-ii        ?  inf-'rtTrtpn;  of  T*iiMic  iBKtmctioi; 
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GRADUATE  RESEARCH  FELLOWSHIPS 


The  Colorado  School  of  Mines  offers  fellowships  in  Mining, 
Metallurgicml,  and  Chemical  Research  in  cooperation  with  the 
U.  S.  Bureau  of  Mines.  These  fellowships  are  open  to  graduates 
of  unirersitles  and  technical  schools  wao  are  quallfled  to  under- 
take research.  The  value  of  each  fellowship  is  $900.00.  payable 
in  twelTe  monthly  Installments  of  $76.00  each.  Fellowship  hold- 
ers must  be  graduates  of  colleges.  unlTsrsities,  or  technical 
schools  of  good  standing.  During  the  college  year  they  will  be 
required  to  devote  fifteen  hours  a  week  to  the  school  as  labora- 
tory assistants.  The  remainder  of  the  time  they  may  pursue 
advanced  studies  and  become  candidates  for  higher  degrees  or 
may  engage  in  research  work. 

The  purpose  of  these  fellowships  is  to  undertake  the  solu- 
tion  of  problems  in  mining,  metallurgy,  and  metallurgical  chem- 
istry which  are  of 'special  importance  to  the  State  of  Colorado, 
and  also  problems  in  connection  with  the  production  of  the  rare 
metals  of  general  interest.  Subjects  for  research  may  be  se- 
lected from  the  following  general  fields: 

1.  Pyrometallurgy,  electrometallurgy,  and  other  methods  of 
metal  extraction. 

2.-  Metallography  and  the  heat  treatment  of  metals. 

3.  Ore  dressing,  including  concentration  by  wet  and  dry 
methods,  flotation,  electromagnetic  and  electrostatic  sep- 
aration. 

4.  Utilisation  of  the  rare  motal  resources  of  Colorado. 

5.  Problems  involved  in  the  development  of  the  Oil  Shale 
industry. 

6.  Radioactivity,  radioactive  transformations,  and  the  study 
of  radioactive  minerals. 

Fkcilities  of  the  Colorado  School  of  Mines  experimental  mill 
and  of  the  various  chemical,  metallurgical,  and  mechanical  lab* 
oratories  of  the  Colorado  School  of  Mines  and  also  of  the  U.  S. 
Bureau  of  Mines  will  be  available  for  the  use  of  holders  of  the 
graduate  research  fellowships. 

Applicants  should  send  a  copy  of  their  collegiate  records 
from  the  Registrar's  ofllce  of  the  college  where  they  have  been, 
or  will  be,  graduated.  They  should  also  state  their  professional 
experience  and  give  the  names  and  addresses  of  at  least  three 
persons  who  are  familiar  with  the  character,  training,  and  abil- 
ity of  the  applicant  Applications  should  be  addressed  to  the 
President  of  the  Colorado  School  of  Mines,  Qolden.  Colorada 
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■    V  MI    U'lich) 3.00 

:.'l   XIII    («ach) r,.00 

3.00 

A.V1II n.nO 

m.oo 

r..0M 

'  "'''    '    ■•   '•  •        3.00 

n.oo 

■   -   -^'TT    r. ..,,.!>>       4  0(» 
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t.uMHO   AND    LODGING 


\,'  ..•■■        ■.    ■       'i''-:.!!'.  Ui'i, 


Ijuurd  can  bo  obtained  in 
i;.— ..  1^'.  -^ix  U)  .-V  .Kjii  liuiiars  a  wcfk.  Students'  clubs 
»u.<w.  i.ii  a.^uuL  L\s  I.  iiiy-iour  dollars  a  month.  Rooms  can 
ki,*  ii  iiir  •-■..■'■■    :  ■,    T\.. .]\,^  dollars  a  month. 


OTHER    EXPENSES 


pfe^mh<H-o   r^»-n  i.thpr  PXf)ensos  incidental  to  the  mining,  metal- 

Yr^m}    ••iMrrorlmr.  ciioniical.  and  geological  trips,  which  vary 

Ff-h;  ttiot  thpy  pfln  not  1)0  os'imatvd. 

— '">«n»r!«»nT«?  li-avinu  iij  mid-ierm,  except  on  account  of  severe 

„^,,^n-.-#r<.i  -ifi-T..        ......  „,,,  t-nfitled  to  the  return  of  fees  or 

mn»i"     Alt  chnrges  of  the  school  are  payable  strictly  in  advance 

th#»  he?»nnlng  of  each  semester.    No  student  is  allowed  to  be 

'«r?T>ffl  whilo  Indebtod  to  the  school.     The  Trustees  reserve 

^^Z^  '  ■'■'•■  .niid« ma)  rhan^es  in  foes  and  deposits  without 

\tfr\  v.nUff.  as  new  and  unforeseen  emergencies  may  arise. 

StiifTents  who  desire  to  earn  money  to  defray  their  school 

rfl^P5  .'!r-  :ii\  i.<od  to  limit  their  work  to  the  summer  vacation. 

eOTirnp  of  study  is  too  exacting  to  allow  much  time  during 

bllejffc  year  for  outside  work. 

*fie  total  expenses  of  the  college  year,  including  room  and 
but  exclusive  of  tuition,  need  not  exceed   five  hundred 
3,  and  may  be  reduced  considerably  by  strict  economy. 

THE  QUARTERLY 

ir  times  a  3^ar,  In  January,  April,  July,  and  October,  the 
tsBues  the  Qoaitarly.    The  yariouB  numbers  include  the 
ti««  Book  of  Vtewa»  Commencement  addresses,  and  arti- 
hm  f^-'^Ca  netallurglcal  nature. 


GENERAL  INFORMATION 

TUITION 

Tbe  Statutes  of  Colorado  provide  as  follows: 

"The  Bald  School  of  Mines  sliall  be  open  and  tree 
for  tbe  Instruction  to  all  bona  flda  residents  of  tliis  State, 
vitbout  regard  to  sex  or  color,  and,  with  the  consent  of 
the  Board,  Students  from  other  states  and  territories 
may  recelre  education  thereat  upon  such  terms  and  at 
sach  rates  of  tuition  as  the  Board  may  prescribe." 
Tbe  tuition  tor  non-residents  la  one  hundred  fifty  doUani  « 

year,  payable  in  two  installments,  seveaty-flTe  doUars  at  the 

beginning  o(  each  semester. 

DEPOSITS. 

Deposits  are  required  to  cover  the  cost  ot  snppliea  con- 
sumed.   Any  unused  balance  Is  returned. 
For  courses  in  Chemistry |10.00 

For  Metallurgy  II 25.00 

For  drawing  (paid  only  once) 2.50 

For  locker  (paid  only  once) l.OO 

FEES. 

Fees  are  charged  to  cover  not  onlj'  the  coat  of  materials 
and  supplies  iurnisbed,  but  also  the  wear  on  apparatus.  No 
part  of  a  fee  is  returnable.  The  athletic  fee,  although  collected 
by  the  school,  is  turned  over  to  tbe  Treasurer  of  the  Athletic 
Association  and  ia  expended  only  for  athletic  purposes. 

Matriculation  fee  15.00 

Athletic  fee  (paid  each  semester) 5.00 

Graduation  fee    6.00 

Thesia  fee  6.00 

LABORATORY    FEES 

Chemistry  V,  VI,  IX.  X.  XII,  and  XIV  (each) (  7.00 

Chemistry  XVI  and  XVII   (each) 5.00 

Civil  Engineering  II E.OO 

Civil  Engineering   iV 2,00 

Civil   Engineering   VI 1.00 

Coal    Mining  IX 6.00 
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Electrical  Bngineerins  II.  IV.  VI,  and  Vin  (each) 3.00 

Oeolonr  and  Mineralogy  III.  IV.  VIII.  and  XIII  (each)....  5.00 

Geology  and  Mineralogy  Vn  and  IX 3.00 

Mechanical  Engineering  XVIII 5.00 

MeUllurgy  II   10.00 

Metallurgy  VIII  and  XVI  (each) 5.00 

MeUllurgy  IX  XI.  XIII.  and  XV  (each) 3.00 

Metal  Mining  III  and  IV  (each) 5.00 

Physics  II.  IV.  VII.  VIII  and  XII  (each) 4.00 

Safety  Engineering  II  and  IV  (each) 5.00 


BOARD  AND  LODQINQ 

The  school  has  no  dormitory.  Board  can  be  obtained  in 
pHTate  families  for  six  to  seven  dollars  a  week.  Students'  clubs 
famish  bomrd  for  about  twenty-four  dollars  a  month.  Rooms  can 
be  obtained  for  eight  dollars  to  twelve  dollars  a  month. 

OTHER    EXPENSES 

There  are  other  expenses  incidental  to  the  mining,  metal- 
lurgical, engineering,  chemical,  and  geological  trips,  which  vary 
so  widely  that  they  can  not  be  estimated. 

Students  leaving  in  mid-term,  except  on  account  of  severe 
or  protracted  sickness,  are  not  entitled  to  the  return  of  fees  or 
tuition.  All  charges  of  the  school  mrt  payable  strictly  in  advance 
at  the  beginning  of  each  semester.  No  student  is  allowed  to  be 
graduated  while  indebted  to  the  school.  The  Trustees  reserve 
the  right  to  make  incidental  changes  in  fees  and  deposits  without 
printed  notice,  as  new  and  unforeseen  emergencies  may  arise. 

Students  who  desire  to  earn  money  to  defray  their  school 
expenses  are  advised  to  limit  their  work  to  the  summer  vacation. 
The  course  of  study  is  too  exacting  to  allow  much  time  during 
the  college  year  for  outside  work. 

The  total  expenses  of  the  college  year,  including  room  and 
lx>ard  but  exclusive  of  tuition,  need  not  exceed  five  hundred 
dollars,  and  may  be  reduced  considerably  by  strict  economy. 

THE  QUARTERLY 

Four  times  a  year,  in  January.  April,  July,  and  October,  the 
■ebool  issues  the  Quarterly.  The  various  numt>er8  include  the 
Catalog,  the  Book  of  Views.  Commencement  addresses,  and  arti- 
cles of  a  mining  or  of  a  metallurgical  nature. 
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METHOD  OF  GRADING 

The  following  system  of  grading  is  used: 

A — Excellent 

B— Good 

C— Fair 

D— €k>nditioned 

E — Failed  or  Subject  Dropped 

A,  B,  and  C  are  passing  grades. 

D  (Conditioned)  means  that  the  student  is  not  passed.  Tbe 
deficiency  may  be  removed  by  passing  a  re-examination  or  by 
otherwise  completing  the  work.  Unless  a  condition  is  removed 
before  the  beginning  of  the  next  school  year  the  D  becomes  an  B. 

E  (Failed  or  Subject  Dropped)  means  that  the  subject  must 
be  taken  again,  and  that  no  subject  depending  upon  this  one 
may  be  taken  until  the  B  is  removed.  In  removing  an  E  the 
student  must  take  the  subject  again  either  at  a  regular  period 
or  under  conditions  approved  by  the  head  of  the  department 

Three  hours  of  laboratory  or  of  drawing  are  regarded  as 
the  equivalent  of  one  lecture  or  recitation  hour. 

In  case  a  student  fails  to  complete  his  work  in  any  subject 
the  instructor  may,  at  bis  discretion,  report  to  the  office  not 
a  D  but  an  "Incomplete",  which  shall  be  designated  by  the 
letters  "Inc."  This  is  not  regarded  as  a  conditioii;  but  it  becomes 
an  E  at  the  beginning  of  the  next  school  year  unless  previously 
removed,  or  unless  an  extension  of  time  is  given  by  the  instruc- 
tor in  charge. 

In  case  a  student  leaves  school  with  one  or  more  conditions 
and  returns  after  an  absence  of  a  year  or  more,  the  term  "next 
school  year"  will  be  interpreted  to  mean  the  next  school  year  of 
his  attendance;  but  in  case  he  leaves  at  the  close  of  the  first 
semester  be  may  return  at  a  similar  period  a  year  or  more 
later,  subject  to  the  conditions  under  which  he  left,  as  though 
there  had  been  no  break  in  his  attendance,  except  in  case  of  a 
changed  curriculum. 

THE  LIBRARY 

The  school  library  occupies  one-half  of  the  second  floor  of 
Guggenheim  Hall.  The  room  is  well  lighted  and  ventilated  and 
has  a  seating  capacity  for  one  hundred  twenty  readers.  The 
library  contains  about  fifteen  thousand  volumes  and  several 
hundred  pamphlets,  principally  of  a  technical  nature,  and  is 
being  increased  in  subjects  corresponding  to  instruction  given 
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Id  the  school.  Direct  acceM  to  the  theWee  Is  permitted  to  all 
students  In  order  that  thej  may  obtain  the  benefit  of  ezamlnina 
the  books  themselves.  Books  which  are  not  needed  for  special 
reference  work  are  loaned  for  home  use  for  a  period  of  two 
weeks.  The  card  cataloaiM  Includes  entries  under  author,  title, 
and  subject,  arranged  on  the  dictionary  plan.  The  classification 
is  an  adaptation  of  the  Dewey  decimal  system  to  the  needs  of  a 
technical  library. 

The  library  subscribes  to  the  publications  of  the  leading 
scientific  societies  of  the  world  and  to  the  chief  literary  and 
scientific  periodicals.  It  is  especially  rich  in  files  of  ensineering 
journals,  the  material  in  which  is  arailable  tor  ready  reference 
through  excellent  periodical  indexes  recelTed  monthly.  The 
library  is  a  depository  for  the  documents  of  the  United  States 
Geological  Surrey  and  has  an  unusually  complete  collection  of 
the  publications  issued  by  state  geological  surreys  and  mining 
bureaus  both  in  this  country  and  abroad.  A  collection  of  mine 
reports  has  recently  been  indexed  and  made  ayailable  for 
reference. 

During  the  academic  year  the  library  is  open  from  8  a.  m. 
to  lS:tO  p.  m.;  from  1:S0  p.  m.  to  5  p.  m..  and  from  7  p.  bl  to 
10:00  p.  m.,  except  on  Saturdays  an(l  holidays.  The  library  is 
closed  Saturday  afternoons. 

Y*   M»  C*  A* 

The  T.  M.  C.  A.  of  the  Colorado  School  of  Mlaas  exisu  for 
the  purpose  of  senring  the  men  of  the  school  in  every  possible 
way.  When  called  upon  to  do  so,  the  Association  assists  men 
in  securing  suitable  boarding  and  rooming  accommodations,  and 
when  possible,  in  securing  employment  to  help  them  earn  their 
expenses  through  school  Weekly  Bible  Study  Classes  and  relig- 
ious meetings  are  conducted  during  tae  greater  part  of  the  year. 
An  AdTisory  Board,  consisting  of  one  alumnus,  one  local  minlstar, 
one  local  business  man,  and  two  faculty  members  supenriaes 
the  work  of  the  Association. 

THE  INTEGRAL  CLUB 

The  Club  Room  is  In  the  Gymnasium  Building  and  Is  fur- 
nished in  the  ordinary  style  of  a  gentleman's  club.  The  purpose 
of  the  Club  is  to  foster  good  comradeship  among  the  students. 
It  is  under  the  direct  control  and  management  of  a  student 
committee. 
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PRIZES 

Each  year,  usually  at  commencement,  prizes  are  awarded  to 
certain  students  who  have  maintained  an  excellent  scholastic 
record  or  who  have  submitted  a  meritorious  thesis.  These  prizes 
may  be  in  the  form  of  cash,  engineering  instruments,  books,  or 
other  suitable  mementos. 

At  the  commencement  exercises.  May  31,  1918,  the  Wolf 
Medal,  presented  by  Harry  J.  Wolf,  of  the  class  of  1903,  was 
awarded  to  Henry  George  Schneider,  for  high  scholastic  attain- 
ment. 

Professor  Victor  Ziegler  offers  a  silver  loving  cup  to  the 
member  of  the  graduating  class  who,  in  the  opinion  of  the  fac- 
ulty, is  most  worthy  of  special  distinction  because  (^  pre-emi- 
nence in  athletics,  leadership  in  student  activities,  and  profi- 
ciency in  scholarship. 

LOAN   FUNDS 

The  following  loan  funds  have  been  established  to  assist 
worthy  and  deserving  students  through  schooL 

The  Natalie  H.  Hammond  Loan  Fund  of  $1,000.00  was  do- 
nated to  the  school  in  July,  1909,  by  Mr.  John  Hays  Hammond. 

The  Vinson  Walsh  Loan  Fund  of  $1,000.00  was  donated  to 
the  school  in  May,  1908,  by  Mr.  Thomas  F.  Walsh,  in  memory 
of  his  son  Vinson  Walsh. 

The  Walter  Lowrie  Hoyt  Loan  Fund  of  $2,000.00  was  do- 
nated to  the  school  in  May,  1912,  by  Mrs.  Mattie  B.  Hoyt,  in 
memory  of  her  husband,  Walter  L.  Hoyt. 

Thirty-nine  students  have  received  financial  assistance  from 
these  funds. 

ATHLETICS  AND   PHYSICAL  TRAINING 

By  virtue  of  the  athletic  fee  required,  all  students  entering 
the  School  of  Mines  become  members  of  the  Athletic  Association. 
The  Association  is  supported  by  the  student  fees,  gate  re- 
ceipts, and  by  contributions  from  the  alumni  and  other  friends 
of  the  school.  The  affairs  of  the  Association  are  managed  by  a 
Board  of  Control,  which  consist  of  the  Athletic  Director,  as 
Chairman;  the  captains  of  the  football,  baseball,  basketball,  and 
track  teams;  and  the  presidents  of  the  Junior  and  senior  classes. 
The  Athletic  Association  maintains  an  office  in  the  gymnasium 
building,  under  the  supervision  of  the  athletic  director.  Training 
is  required  in  regular  gymnasium  classes  during  the  freshman 
and  sophomore  years. 
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ALUMNI   ASSOCIATION 

The  aim  of  the  Alomni  Asiociatlon  It  to  promote  acquaint- 
ance and  friendship  among  the  graduates,  to  encourage  them 
to  aid  each  other,  and  to  make  an  organised  effort  to  elerate 
and  uphold  the  reputation  and  standard  of  their  Alma  Mater. 
To  carry  out  these  Ideas,  the  Association,  under  the  management 
of  an  Assistant  Secretary  and  Treasurer,  puhllshes  monthly 
"The  Colorado  School  of  Mines  Magasine'*  and  conducU  an 
employment  hureau,  or  Capability  ESzchange,  for  the  benefit  of 
the  members.  This  employment  bureau  also  assists  under- 
graduate students  in  securing  employment  during  summer  raca- 
tions  and  at  other  times,  especially  when  such  students  are  in 
need  of  funds  to  defray  the  cost  of  their  education. 

All  gradustes  sre  earnestly  requested  to  Join  the  Association, 
and  to  keep  the  assistant  secretary  and  treasurer  adTlsed  of 
their  addresses  and  occupations. 

The  officers  of  the  Association  are: 

Alexander  K.  McDanlel,  "01 President 

E.  P.  Arthur  Jr..  'SB Vice-President 

Paul  Cow,  '07 Secretary 

A.  C.  Watts,  '02 Treasurer 

Executive  Committee- 
Daniel  Harrington,  '00 
Edwin  H.  Piatt,  '00 
Thomas  B.  Crowe,  *00 

The  association  holds  Its  annual  meeting  and  banquet  on 
the  day  following  the  commencement  exercises,  unless  otherwise 
proTlded  for  by  the  ExecutlTe  Committee.  All  graduates  are 
eligible  to  membership  and  are  inrited  to  the  annual  meeting 
and  to  the  banquet 

MONTANA  CHAPTER  OF  THE  ALUMNI   ASSOCIATION, 

BUTTE,   MONTANA 

James  W.  Dudgeon,  18 President 

Harold  H.  Ooe.  "OS Vloe-Presldent 

Lester  J.  Hartsell,  *H Seoretary-Treasnrer 

UTAH    CHAPTER   OF  THE   ALUMNI    ASSOCIATION, 

SALT  LAKE  CITY,  UTAH 

James  8.  Thompson   "99 President 

Blair  8.  Sackett,  "09 Vice-President 

A.  a  Watts,  •Of Secretary-Treasurer 


COLO 

TbiB  HAS  Men  a  local  tocletr,  ocMtOBM  to  vtiulaits  of  tbe 
Bcliool,  for  rnanr  T^tn,  bat  now  Is  merged  wttk  Oe  American 
Sodetr  ta  Mining  BnKineers  as  a  Jnolor  AfllUatad  Soctetr.  Act- 
ive memtmvhlp  In  tlie  Society  !■  limited  to  Jonlor  Aasodate 
members  or  the  Institute.  Stadenta  of  tbe  school  who-  do  not 
Join  the  Institnte  may  become  Associate  members  of  the  Society. 

The  Society  baa  lor  its  object  the  presentatJon  and  discns- 
slon  of  technical  and  engineering  papers.  Me^ngs  are  held 
monthly,  «nd  papers  aa  rsrlooa  topics  of  interest  are  preeested 
and  dlscnased  by  the  members.  Fran  time  to  time  lectures  are 
delivered  before  the  Society  by  leading  engtneem  and  sdentific 

The  offlcers  for  the  enaotog  year  ere  aa  foUowa: 

William  A.  Conley President 

George  V.  Dnnn ince-Presldent 

R.  R.  Ireland Secretary  and  Treaanrer 

The  faculty  members  of  the  A.  I.  H.  B.  are  as  follows: 
President  Victor  C.  Alderson 
Professor  I.  A.  Palmer 
Professor  J.  C.  Roberts 
Professor  H.  J.  Wolf 
ProfesBor  Victor  Ziegler 
J.  C.   Williams 
H.  G.  Schoeider 
S.    Z.    Krumm 
All   students  in  the  list  of  students  marked    (*)   are  Junior 
AEsociates  of  tbe  A.  I.  M.  E..  and  consequently  active  members 
of  the  Scientific  Societj. 
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ENROLLMENT  OF  STUDENTS 


POSTGRADUATES 

Malllken.  Clarence  K Oolden,  Colo. 

B.  8..  llftrylAnd  Agricultural  College 

^Omelas,  Ernesto Mexico  City.  Mexico 

M.  E.,  Cornell  University 

SENIORS 


•Burwell  Blair Denver.  Colo. 

Denver  University 
Chao.  Y.  C Chen-Ning,  Kansu.  China 

University  of  Peking 
•Conley,  Wm.  A Golden.  Colo. 

University  of  Ariiona 

Coulter.  Ronald  S Denver.  Colo. 

•Mecbin,  Rene  J St.  Louis.  Mo. 

University  of  Illinois 

Metsger.  Otto  H Meeker.  Colo. 

Miller,  Guy  B Canon  City.  Colo. 

•Mulford.  U  D Golden.  Colo. 

•Parker.  R.  J Denver.  Colo. 

Denver  University 
•Romine.  T.  B Walla  Walla.  Wash. 


JUNIOR  CLASS 


Abadilla^  Q.  A Catananan.  F\>yal>as.  P.  I. 

Letran  College.  Manila 

Alvir.  Antonio  D Bulacan.  Bolacan.  P.  I, 

University  of  the  Philippines 

•Bailey.  Donald  L Denver.  Colo. 

Benbow.  Jules  C Colorado  Springs.  Colo. 

•Berkowits,  Sam Pueblo.  Colo. 

•Brown,  Prentice  P Denver.  Colo. 

Bunte.  Ernest  B Denver.  Colo. 

•Case,  Wm.  B Golden.  Cola 

Chow.  T.  Y Shanghai.  China 

University  of  California 

Davis,  Ninetta  A Golden.  Colo. 

Dunn,  George  V Golden.  Colo. 

•Dutton.  Dewey  A Grand  Junction,  Colo. 

Flint.  Howard  T Denver.  Colo. 

•Gallucci.  Nicholas Louisville,  Colo. 

Gamett,  Samuel  A Pueblo.  Colo. 

Kiesel.  Albert  H Ouray,  Colo. 

Klamann.  Albert  A Denver.  C6k>. 
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HjtrtngM,  Wnu  S Doner, 

UcbteDbeld*  fYcd  A Doiivr,  GoIol 

^Umk,  Herbert  K Desi«r, 

•Pfttaer,  Chester  M GmmOmcm, 

Serrano,  Jnan  E Sutiaeo.  Cbile.  S.  A. 

Bfiami  UBiTersfty 

•SeniM.  Fred  U  F Goldeii,  Cokn 

^SiMon,  Mrron  L» Goiden,  Coto. 

Urtia^,  Santiago Candela,  Coah^  Mexico 

St.  Louis  Collet,  San  Antonio,  Texas 

Wichman,  L.  E TteDiiride.  Golo. 

Willett,  R.  R Goideii,  Colo. 

SOPHOMORES 


^Adanisoo,  John  N Morlejr,  Colo. 

Baldwin,  James  W Denrer,  Colo. 

Benszon,  Ernesto Candlino,  Tariac,  P.  L 

Betton,  Cbas.  W Colorado  Springs,  Colo. 

^Beran,  John  G.  Jr Colorado  S^irinss,  Colo. 

^Bianchi,  Alfred  P Chicago,  ni. 

Bilisoly,  Joseph  M Golden,  Colo. 

Brlnker,  Fred  A DenTer,  Colo. 

Casey,  James  W.  Jr Denver,  Colo. 

Chang,  C.  L Nanyang,  Honan,  China 

Government  University,  Peking 

Connors,  Hngb  M .-% Denver,  Colo. 

De  Ford.  Ronald  K National  City,  CaUf. 

BdKeworth,  Jofleph  E Denver,  Colo. 

*F\(\('\,  Uanry  P Grand  Junction,  Colo. 

FVf!nzf»ll,  E.  Herbert Redlands,  Calif. 

(U)<)<]w\n,  George  G Denver,  Colo. 

•r;raham,  Daniel  J Mishawaka,  Ind. 

ffartung,  Kirk  G Cheyenne,  Wyo. 

MopklnH,    Walter Pueblo.    Colo. 

fforf  aHltaH,  Javier Los  Angeles.  Calif. 

♦Ireland,  Robert  R Quincy.  111. 

Jen,  T.  Y Nanyang,  Honan,  China 

Government  University,  Peking 

Jennl,  Alfred  E     Pueblo,  Colo. 

JohnHon,  R.  P Brighton,  Colo. 

Kay,  Fred  D Schenectady,  N.  Y. 

♦KIntz,  George  M Denver,  Colo. 

University  of  Colorado 

Klrkwood,  David  K Antofagasta,  Chile,  S.  A. 

I^wrenf  e.  H.  W West  Stockbridge,  Mass. 

lA'fi,  V.  c; Hiangcheng,  Honan,  China 

Government  University,  Peking 

Likes,   Myrton  D Briggsdale.  Colo. 

IJtheredge,   Robert  W Loveland,  Colo. 

Marvin,  Theodore Sheldon,  Iowa 

McKenna.  Wm    J Tooele,  Utah 

StatP   A^rirultural   College 

MoreaH,  Joho  K    A Pernambuco,  Brazil,  S.  A. 

I'.ailor   rnivorsity  and   German   College 

♦Nelsrin.  Frfd   M St.  Joseph,  Mo. 

Neumann,  flustav^'   L Denver,  Colo. 
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•PrentiM.  Louis  W Waahlngtoii.  D.  C. 

Robb,  Andrew  B New  BriUtn.  Conn. 

Rodricuei,  Juan  A Oniro,  Bolivia.  S.  A. 

American  Institute.  La  Pas,  Bolivia 

^Rogers.  Bryant  K Montclalr.  N.  J. 

Schneider,  George  W Denver.  Colo. 

^Seeroann.  Arthur  K Brooklyn.  N.  Y. 

Strock.  Hale  McC Denver.  Colo. 

^Surfluh.  John  8 Los  Angeles.  Calif. 

Thomas.  George  D Lafayette.  Colo. 

Thomson.  Waldemar  P Golden.  Colo. 

Turner.  Albert  M La  Vela,  Colo. 

Valdes,  Don  C Salida.  Colo. 

West«  H.  R Rocky  Fbrd.  Colo. 

Wong.  Y.  Y Eagle  Pass.  Texas 

St.  John's  University,  Shanghai,  China 

•Woo.  Y.  D Shanghai.  China 

Fuh-Tau  College 
Zambrano.  Jos^ Monterrey,  N.  U.  Mexico 


FRESHMAN  CLASS 


Aaron.  Eugene  R Denver.  Colo. 

Babcock.  Lloyd Rocky  Ford.  Colo. 

Bacca,  Joseph  P Trinidad.  Colo. 

Bartholomew.  J.  A Toronto,  Canada 

Beall.  Cbas.  B Golden.  Colo. 

Bergh,  Stephen  T Hendnim.   Minn. 

University  of  Wisconsin 

Bond.  Frederick  C Wheatridge.  Colo. 

Bond.  George  F Estes  Park.  Colo. 

Boone.  John  H.  H Hutchinson.  Kansas 

Bragg.  Conrad  R Angasta.  Me. 

Bransford.  James  C Denver.  Cola 

Brenner.  I.  Edward Chicago.  111. 

Bmhn,  Frederick  B San  Antonio,  Texas 

Bryan,  Lewis  Jay Golden,  Colo. 

Bonte.  Arthur  H Denver.  Colo. 

Chang,  J.  K Koa  Shan.  Shlen,  Hoiian,  China 

Government  University.  Peking 

Chang,  M.  S Tunan,  Honan,  China 

Chang.  K.  Y Knngsien.  Honan.  China 

Church,  Harold  A Rocky  Fbrd.  Colo. 

C1ark«  William  I Idaho  Springs,  Colo. 

Clopto!i«  John  H San  Antonio,  Texas 

Cochran,  Harry  B Hutchinson.  Kan. 

Crawford.  Joseph Lincoln,  III. 

Crawford.  Wm.  P Charlealon*  W.  Va. 

Cronin.  M.  Bernard Denrer,  Colo. 

Culbertson,  Aogiistus Mand,  Okla. 

Curson,  Eugene  C Lot  Angeles,  Calif. 

Davis.  Donald  J Taooma,  Wash. 

Denny.  John  H Washington,  D.  C. 

Derlnger,  De  Witt  C.  Jr La  Jonta.  Colo. 

Derryberry,  Chas.  W Grand  Junction,  Oolo. 

Derryberry.  Ward  W Qrmnd  Jnnetkm.  Colo. 

Dohoney,  Edward  N MarriU,  Wla. 
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Dornuic«, 
Drake,  C4 

Eckenrodi 

Epeneter,  Ons  W DeBTer,  Colo. 

Faher,  Tbo*.  P LeadTiUe.  Colo. 

Falrbairn,  Frank Bertboad,  Colo. 

Perbracbe,  IftIiie  T Gnad  Jnnctkni,  Colo. 

FlaheU,  Mvion  P SL  Louis.  Mo. 

Flrnn,  Thos.  G WalsenbDrg,  Colo. 

Fopeano,  Louis  C Kaniurock,  Va. 

Fong,  K.  L Piynsii.  Honan,  China 

Goverament  University,  Peking 

FryberBer,  Elbert  L 

Ferree,  Ctaaa.  W 

Gibbons,  Edward  T.  Jr 

GllUnd.  Ernest  P 

GInn,  Wm,  F 

Oocbenour,  Paol 

Gould,  J.  C 

Gow,  Nell  W 

Graeber,  Calvert 

Graham,  Wallace  A 

Gray,  Cecil  T 

Gray,  Thomas  B 

GregK,  Donald  C 

Grifflth,  Wm.  E Denver,  Colo, 

Outh,  Clarence  W Golden.  Colo. 

Haines,  Harold  F Tacoma,  Waeh. 

Hakola,  Samuel  H Fairport  Harbor,  Ohio 

Handy,  Deane  S Denver,  Colo. 

HaMhin,  JoHepti    A Chattanooga.  Okla. 

St.  Mary's  College 

HenderBon,  J.  8 Montroee.  Colo. 

•Heydrick.  Harold  F Muskogee,  Okla. 

■Hicks,   Eugene   H St.  Paul,   Minn. 

MacAlester  College 

Hurley,  Kellh  P Denver.  Colo. 

Hyland,  Norbert  W Denver,  Colo. 

JarkBon,  Merle Eaton,  Colo. 

JenHen,  Bert  P Gary,  Ind. 

Johnson,  Frank   Denver,  Colo. 

Jrilinston,  D.  C Golden,  Colo. 

Klein.  Henry  G La  Junta.  Colo. 

KniKhf,  D.  A Rawlins.  Wyo. 

Krantz,   Percy   R Dunton.   Colo. 

Kraiise.  Hllmar  P I-a  Grange,  Texas 

l.a  Follette.  Bruc-e  B Greeley,  Colo. 

l.atlharar,  Albert Santiago,  Chile,  S.  A. 

I.nacowltz,  Samuel Denver.  Colo. 

Leaver.  Ralph  H -- Aspen,  Colo. 

l.oe.  P.  H Chiynan,  Honan,  China 

•Ijoecli,  Thomas  H Muskogee.  Okla. 

Llndaey,  HuRb  R.  .h- Flat  Rock,  N.  C. 

Lipman.  Chas.  II Chicago,  III. 

Mtheredae,  Roland  T Loveland,  Colo. 

I.loyd.  Krnpsi  I' Denver.  Colo. 

Ma,  H,  Y. Anyang,  Honan,  China 

Mallnnriidi.  Cnrl.iy    ,  Santiago,  Chile,  S.  A. 

Mayall.  M'nry   M. Boulder,  Colo. 
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McDermott.  Wm.  O DeoTer,  Colo. 

McOowan.  Harold  W Denrer,  Colo. 

McKenna.  Hugh  L Breckenridge.  Colo. 

McKentie.  George  R Denrer.  Colo. 

McMenemy,  James Denver.  Colo. 

Merry.  Albert  E Rockrille  Center.  N.  Y. 

MiD.  Edward  H.  8 Seoul.  Korea 

Moreno.  Domingo Santiago.  Chile,  S.  A. 

Morton.  S.  Sidney Qolden.  Colo. 

Packwood.  Samuel  F St  Joseph.  Mo. 

Pierre,  Albert  Le  Roy Denver.  Colo. 

Quiroga,  Manuel  P Huepac.  Sonora,  Mexico 

Raiff.  Ben  L Columbus.  Mont. 

Reed.  Ethbert  F Golden.  Colo. 

Reynolds,  William  La  Vet*.  Colo. 

Rhodes.  Louis  C Gary.  Ind. 

Rice.  Nell  A Denver,  Colo. 

Roller,  Wilfred  L Denver,  Colo. 

Rooney.  Lawrence  P Denver.  Colo. 

Ruth.  Joseph  P Denver,  Colo. 

Rydlund.  Alfred  C ,  .Georgetown.  Colo. 

Santee.  I>eslie  C Cedar  Fklls,  Iowa 

Savage.  Eros  M San  Diego.  Calif. 

Schoder.  Wm.  P Denver.  Colo. 

Seborg.  Raymond  M Rocky  Ford.  Colo. 

Seraflni.  Theodore  J Denver,  Colo. 

Shaw.  Harold  P Grand  Junction,  Colo. 

Sheam.  Justin Roeelle  Park.  N.  J. 

^Shepard.  George  M Denver.  Colo. 

Shlh.  H.  P Chiyuan,  Honan,  China 

Pel-Yang  University.  Tlentsen,  China 

Smith.  Howard  B Bellevue.  Pa. 

Smith.  Warren  E Denver,  Colo. 

Son.  Dorsey  G Golden.  Colo. 

Sonnebom.  Robert  H Pueblo.  Colo. 

Steward.  La  Vere Thermopolls,  Wyo. 

Steward.  Roecoe  G La  Junta,  Colo. 

Stovall,  Preston  W Denver,  Colo. 

Stong.  P.  Verne Grand  Junction.  Colo. 

Sun.  T.  C Kuel-Teh.  Honan,  China 

Swanson.  Oscar  B Canon  City.  Colo. 

Tanner.  Horace  A Golden,  Colo. 

Tenney.  Lealon LeadvUle,  Colo. 

Terraxas.  Abel  J El  Paso.  Texas 

Terry.  Joseph  W Denver,  Colo. 

Treadwell.  Wilbur  A Pueblo,  Colo. 

Wager.  Maurice  R Chicago.  III. 

Walker.  Carl  H Gunnison.  Colo. 

Wang.  C.  F Hwangchwan.  Honan.  China 

Government  School.  Klfeng.  Honan.  China 

Webber.  Ben.'amln San  Diego.  Calif. 

Weber.  Claude  A Denver.  Colo. 

Welch.  Leiand  B Walsenburg.  Colo. 

Williamson.  Raymond  M Golden.  Colo. 

Woeber.  Lorens  S Denver.  Colo. 

Worden,  John  C Denver.  Colo. 

Wright.  Paul  W Gunnison.  Colo. 

Zee,  Z.  S Nanking  Road,  Shanghai,  China 
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Introduction 

CAPTAIN  JAMES  T.  SMITH. 

LEGEND  The    Mount    PlRgah    (prooiiflod   land)    territory   near 

the  soiithweRtern  slope  of  Pike's  Peak  was  known 
to  the  Arizonauts  of  IK.V.i  an  a  potential  plac(*r  camp.  From  that  pioneer 
I>eriod  until  1S91.  when  Cripple  Creek  wbh  accorded  KeoKraphicul  dia- 
tinctlon.  prospectors  drifted  In  and  Rold  six^ciniens  Altered  out  from  an 
are*  8onu»  t4>n  niil«*s  by  eleht  in  superficial  extent,  very  largely  devoted 
to  the  feeding  of  range  cattle  and  owned  in  part  by  the  IVnver  real 
estate  firm  of  Ii4*nnett  and  Myers  With  this  period  of  evasive  dawn  the 
names  of  Win  field  Scott  St  rat  ton.  K.  M.  lK*]^Veri;nc.  Robert  Womack. 
James  F.  Hnrns.  and  James  Povlo  are  intimately  connected.  Cattle  1»or- 
ging  in  the  small  stream,  which  i*ourses  through  the  district  from  north 
to  south  and  along  which  gold  values  may  be  traced  fn)ro  its  source  to 
Florence  on  the  Arkansas  river.  gav«»  rise  to  the  name  Cripple  Creek — 
impe<lcH]  in  progress  but  never  stop|>ed.  That  the  mines  were  neither 
true  fissures,  as  in  the  pioneer  and  San  Juan  mining  districts,  nor  flat 
Telns  in  the  l«eadvllle  sense*,  but  of  breccia  (broken  rock)  formation,  waa 
a  geoloKlcal  drawback  to  the  early  day  miners,  who  reasoned  from  what 
they  knew  to  what  they  did  not  know,  forgetting  that  Nature  is  loaded 
with  fn'sh  revelations. 

METALLURGICAL   Then   comes   the   metallurgical  experiments,   involv- 
PROCESSES  Ing   the  expenditure  of  millions  of  dollars  and   the 

gains,  disappointments,  and  failures  incident  thereto. 
■Ince  gold  was  recovered  for  the  temple  of  Solomon  from  the  now  aban- 
doned mines  of  th«*  "dark  continent."  and  the  A/tecs  of  Mexico  and  the 
Incaa  of  Peru  develo|>ed  their  arts  In  the  pn'cious  metals,  fine  In  the 
aonao  of  intrinsic  value.  Smelting,  lixiviatlon.  chlorlnatlon.  cyanide. 
■tralRht  cyanide,  the  Clancey  process,  tireless  ore  treatment,  and  other 
methoda  within  and  outside  the  legitimate,  together  with  uptodate  flota- 
tion, have  all  had  their  day  In  court  with  the  usual  verdict— the  fittest 


-  .  • 


4  COLOAABO  aCBOOL  OF  MINES  QUARTERLY. 

liaYe  BunriTed.  as  win  be  seen  by  the  report  of  Ptofesflor  PalmoTp  which 
ooTers  the  ecope  of  present-day  success,  showing  a  high  extraction  of 
▼aloes  at  small  cost  to  the  ton  of  ore  handled.  In  this  useful  application 
of  science  the  names  of  Philip  Argall  and  Thomas  B.  Crowe  have  won 
eminent  distinction. 

THE  When  the  mines  commenced  to  reach  depth  in  1908 

ROOSEVELT  the  'Roosevelt  deep  drainage  tunnel  was  projected, 

TUNNEL  with  the  oonipletlon  of  which — strictly  on  time  and 

without  accident — the  names  of  A.  E.  Carlton  and 
T.  R.  Countryman  are  creditably  connected,  the  first  providing  the  needed 
capital  and  his  colleague  the  engineering  skill.  May  11,  1907,  work  on 
the  tunnel  was  commenced  with  an  appropriate  celebration,  the  address 
of  the  day  being  delivered  by  President  Victor  C.  Alderson  of  the  Colo- 
rado  School  of  Mines.  The  tunnel  reached  its  objective  point  at  the  Port- 
land mine  in  the  last  week  of  December,  1918,  and  has  since  blazed  the 
trail  to  rich  high-grade  ore  strikes  in  the  Cresson  and  the  Portland  prop- 
erties. The  tunnel  is  2-t255  feet  in  length,  has  cost  $817,000,  and  shows 
a  gain  of  over  $3,000,000  in  the  item  of  draining  the  active  mines  as  com- 
pared with  the  cost  of  pumping.  Up  to  the  end  of  1918  the  tunnel  had 
drained  40,000.000  gallons  of  water,  the  flow  at  the  portal  ranging  from 
17,000  at  the  peak  down  to  2,500  gallons  per  minute.  Where  it  hits  the 
Portland  No.  2  shaft  it  is  2.133  feet  below  grass  roots.  It  is  properly 
hailed  as  an  enterprise  conceived  in  scientific  vision  and  pinnacled  with 
success. 

PRODUCTION  The  ebb  and  fiow  of  the  world's  standard  of  value 

from  America's  leading  gold  camp  is  easily  gleaned 
from  the  following  summary,  which  shows  by  years  the  bullion  extracted 
from  the  ores  in  smelter  and  mill.  The  figures  are  those  of  the  United 
States  geological  survey: 

Year  Bullion  Value 

1891  Stamp  mills  and  smelters I       200,000 

1892      587.310 

1893  Cyanide— Panic  year  2,750,000 

1594  Chlorination   3,250,000 

IS'io     Colorado  City  mills 6,100,000 

lS9t;     Florence  mills   8.750,000 

1S97     12,000.000 

1595  16.000,000 

isyj»  Hromination  mills  21,000,000 

liH)0  Mill  trust  plants 22,500,000 

1901  24,986,990 

VM)'2  24,508,511 

li>03  17,630,107 

1904  21.414,080 

190r.  22.307,952 

19<>r,  16,268.291 

1J»0T  Straight   cyanide  mills 13,148.152 

1905  tireless   metallurgy    16,230,525 

1009     15.850,000 

1010  New  Portland  mill 11,031,655 

1911      10,593.278 

1912     11,049,024 

1913     10.948,098 

1914  World  war 12,025,364 

1915  Labor  scarcity   13,727,992 

1916  I^bor  scarcity   12,177.231 

1917  l^bor  scarcity  10,400,200 

1918  Spanish  influenza 8,346,000 

Grand  total  .$867,780,650 
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In  the  past  four  yearn  of  turmoil  the  Kold  itiippljr  of  the  world  haii 
been  rmpldly  fAlHnfc  off.  whn«>  the  i>aper  rreditu  placed  upon  gold  have 
lnrn*as(ed  heyond  thr  tKiunds  of  nafety  an  nieaiiure«l  in  flnanrial  rinloH 
prior  to  \^\\,  Ah  commtMllty  prices— founded  on  the  circulutlnK  niodtuni — 
moved  up.  the  relatlv««  value  of  Rold  drficended.  while  the  coHt  of  pro<lu<'* 
inc  thv  Kold  waH  Increnncd  In  propertlon.  I'nder  th<*Re  circum8(an(M*8  the 
Cripple  I'reek  and  other  gold  dUtrhtA  were  confronted  with  a  criHlii. 
With  the  triumph  of  American  armA  on  land  and  Pea  thlM  condition  haH 
happily  imMH«'d.  and  ihe  sun  of  rcne^<*d  proM|>eriiy  heralds  the  arrival  of  a 
tH'tttT  day.  Our  Liberty  Bonds  bciUR  a  promise  to  redeem  In  Kold  every 
ton  (if  ore  recovered  from  the  Cripple  Cr«M»k  mines  Is  concrete  evidenie 
that  the  contract  of  the  nation  will  Im»  paid  In  full. 

Geology  and  Ore  Deposits 

PROF.  F.  M.  VAN  TUYU 

INTRODUCTION       The  ecolojry  and  ore  deposits  of  the  Cripple  Creek 

district  ha\e  been  describe<l  in  detail  by  IJndcren 
and  Ransome*  in  their  re|>ort  entiil«*d  "OeolofO'  and  Cold  Deposits  of  the 
Cripple  Creek  District.  Colorado"  Issued  by  the  l*nlted  States  OeoloRioa] 
Survey  in  l!*oi;.  Thoimh  thirteen  years  have  now  elapsed  since  the  report 
ap|M*ar«»d.  it  Is  still  of  inestimable  value.  However,  the  development 
work  In  lat*T  y^ars  has  furnished  valuable  data.  reKardlng;  the  character 
ond  persiHtence  of  the  ores  at  depth,  which  were  not  available  at  the 
time  this  reiM)rt  was  prepared.  A  part  of  this  later  development  work  and 
its  results  w«'re  deFcrit>ed  by  Putton  and  Wolf  in  1915. t  The  present 
paiH*r  irt  an  attempt  to  indnt  out  th^  bearinK  of  the  n^cent  development 
mork  in  the  district  on  its  future  htittory  rather  than  to  brint;  our  knowb 
edKe  <if  th*'  developments  in  recent  years  up  to  date.  Hefore  discussing 
the  efTect  of  the  newer  deveb>pments.  however,  a  biief  summary  of  the 
ceolo^y  of  the  district,  based  larR**ly  u|M)n  the  re|>ort  of  Lindfsren  and 
Random e.  is  presented 

LOCATION  The    Cripple    Creek    district    Is    situated    about    ten 

miles  southwest  of  Pike's  IVuk.  In  the  south  central 
part  of  Teller  (^uinty.  Colorado.  "All  the  im[Mirtant  mines  He  within  a 
circle  bavini;  u  radius  of  about  three  miles"  and  at  elevations  varyini; 
from  l*.-l'»«»  tt»  1«i.Mm»  f|.et  above  sea  level. 

RESUME  OF  The  roCks  of  the  district  consist.  <1»  of  a  series  of 

THE  GEOLOGY         pre-(*ambnan  gneisses  and  schists  Intruded  by  three 
OF  THE  varieties  of  fcranite  and  an  olivene  syenite,  and   (2) 

DISTRICT  the  products  of  a  Tertiary  volcano  consisting  of  tuffs 

and  breccias  of  latiti*-phonolite.  cut  by  dikes  and  in- 
trusive masses  of  phonolite  and  s>enite.  These  are  again  traversed  by 
younger  basic  dikeH  Tlie  min«*rali/ation  in  the  district  Is  supposed  to 
have  followed  closely  the  Intr'inion  of  the  latter  nn^ks.  These  Tertiary 
volcanics  ond  intruslves  apparent y  All  the  throat  of  an  old  volcano  m'hich 
has  lK>en  planed  off  by  erosion. 

ORE  DEPOSITS         The  or<>  de|*oslts  are   nearly  all   n»lated   to  Assures 

and  are  of  two  main  types:  tl)  lodes  or  veins  and 
K*l)  Irregular  replacement  iHMlles.  usually  In  granite.  The  Assure  veins 
are  by  far  the  most  im|M>rtant  These  iM*cur  mainly  within  the  volcanic 
neck  and  have  a  roughly  radial  plan.  Csually  they  are  nearly  vertical 
and  rarely  excfH*d  one  half  mile  In  length.  Many  of  the  veins  In  the  upper 
le\els  are  \er>   short;  some  of  them  are  less  than  thri*t*  hundred  feet  in 

•  I'    S    (•o«)loalral  Surwy.  Prof.  Taper  54.  190€ 

t  rrollmlniiry  Repuri  on  I  hi*  O^niHin  <l<>ld  Htrlke  nl  Olpplf  Cn-f'k.  (*iilf>- 
rndo      Qiinrterly.  rolnrodn  8rh4»ol  of  Mlnca.  Vol.  IX  pp.  3- IS.  January.    1915. 


The  country  adjacent  to  the  veins  shows  only  a  slight  alteration 
as  a  result  or  the  passage  oC  the  mineralizing  aolutlona.  In  the  tuffB  and 
breccias,  the  dark  silicates  are  transformfd  to  carhonates,  pyrlte,  and 
fluorite  while  the  feldspars  and  teldspalthoids  are  changed  to  Bericite  and 
adularia.  As  a  result  of  oxidation,  the  veins  are  usually  considerably 
changed  above  the  ground  water  level  and  In  exceptional  caaes  even  to 
a  depth  of  two  or  three  hundred  feet  below  the  water  level.  Descending 
surface  waters,  bearing  oxygen  and  carrying  sulphuric  acid,  formed  by 
the  oxidaiion  of  the  pyrite.  disseminated  through  the  ore  and  the  country 
rock  decompose  the  gold  tollurides,  forming  brown  spongy  gold  and  tellu- 
rites, and  change  the  silicates  and  other  minerals  to  kaolin,  quartz,  man- 
ganese dioxide,  and  llmonite.  "Oxidation  tends  to  destroy  the  original 
structure  of  the  vein  and  changes  the  ore  to  a  brown,  soft,  and  homogene- 
ous mass,"  In  spile  of  the  extensive  oxidation  effects,  no  evidence  of  sec- 
ondary enrichment  of  the  ore  deposits  has  been  found  in  the  district. 

T.indgren  and  Ransome  favor  the  view  that  the  ores  were  deposited 
by  hot  ascending  alkaline  solutions,  of  magmatlc  origin.  "The  waters 
ascended  in  the  deeper  |iari  of  Ihe  volcano  with  comparatively  great  ve- 
locity on  the  fewer  Assures  here  available.  Nearing  the  surface  they 
spread  through  a  larjjier  stiace  In  a  more  complicated  fissure  syBtem.  The 
siieed  became  chcclied  and  condition;*  lor  precipitalloD  Improved.  Depo- 
sllion  and  the  cht'niical  ;i<ii(m  of  ihe  country  rock  changed  the  composi- 
tion of  Ihf  solutions  ^niil  ;i  iiHni;Ilii!;  with  iresh  ascending  waters,  possibly 
also  wlih  iitiiiiisiituiic'  w:it,Ts,  indiin^il  fiirlher  precipitation.  In  this  man- 
ner, is  I'.vpkniii  il  [lie  siii^dli'v  aiiiiiiTnt  of  ore  deposited  In  depth  and  tbe 
richness  and  iiljiLii.I^nic.'  ..i  un'  lu-iirer  Ihe  old  surface.  The  portion  of 
the  voliiiiii)  leiEnivrd  l>\   .■Mi-inii  ui:iy  have  contained  StIU  richer  depoalts." 
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NEWER  AnoiiK  the  ii<*wer  dov<*Iopin<*iitM  of  intf*ri*Ht    In   ih«* 

DEVELOPMENTS  rant  ft*w  iiionthK  an*:  (M  Th<*  n'HiillB  of  ih*v\>  «*x- 
IN  THE  plorailon  work  In  iho  Viiidtrntor.  Portland,  and  <*r<'H- 

DISTRICT  Him  |irop«*r(i«-H.  srimnlatcd  larK«*ly  t»y  th**  (*onipl*ttion 

of  iliM  KoosfVflt  innn«»l.  ill>  Tho  new  diKcoviTii's  In 
th«>  Trail.  rn*s5(in.  and  ln'l<*x  mlnoH.  cti  Tli4'  opening  of  the  \U%ho  NItoIh 
mint*  <4i  Tho  dii«ro>«T\  and  fxplnratlon  of  th«*  nianKant'sr  d^^x'^^tt  <>n 
Ironclad  llill.  At  tlio  pn^^fnt  ilnic.  Inifn-st  c«*ntfrs  lar^»*ly  In  t)i«'  di-i*p«'r 
di-vi*lt>pm«Mit  in  th«'  Vlndi<'afc»r.  I'nrrland.  and  (*P-sMin  mln«>H 

The  n.'Hiilts  of  d«*fp  fxploratlon  in  thf  Vindicator.  locat«M|  t>ii  ilnll  llill. 
ha^**  Immmi  Hummari/t>d  in  thi>  annual  n^port  of  the  company  for  i:*ls.  aH 
follow  H. 

"Karl>  in  I'.M^  dcv«  lopn  ent  wa.4  di^rtrnthnu'd  on  (h**  twi>ntit>ih  IfVcl. 
th«>  lu)Moin  c»f  thf  (;old«>n  Tydf  shait  On  this  1"V<>1  a  total  f»f  4.L'I'»  f«>fM 
i»f  worli  hav  l»»M'n  don«».  and  no  nr»»  of  coninMTcinl  Kradi>  ••xpn»4i'd  Thin 
«ork  has  syst* -matit  ally  i^xphiriMl  tho  knnwn  ore  zon«'K  whi<'h.  at  thi?*  li>vfl. 
Mhonid  possilil\  prodrce  ore  TIii'  vein  Hystcn'H  «i*ri>  found  in  i»hic»*  and 
th«*  Iracturint;  ^^a.>«  sinmK  and  wf>ll  d«'tined.  and  with  a  ^cnrral  physical 
appearance  fa\(»ralil»*  lo  ore  de)H)Hition.  However,  the  value  n**i  fssary 
to  maKf  commercial  or*'  was  lacKinu.  TIiIh  levrl  1h  at  a  d**pth  of  L'.I.'im 
fe<M  from  thi*  collar  of  thi*  hhalt  and  at  an  elevation  of  T.K:,'^  fi>ft  aho\e 
:«ea  Ifvel.  The  pniiluitlvf  areas  in  the  propi-rty  niaiiitai'i«M|  \hi'll  with 
d«'pth  to  an  I'b'Vation  of  alunit  \,::<iii  feet.  In  Nlnkin^  l*elou  this.  ihiTi*  wan 
a  fc:rad'"al  hut  nuirKrd  d«'cn'a.«*f  in  th--  prod  net  lim  <»f  th»'  ar^as.  thf  or**- 
shiM>ts  hi'ini;  niort*  hrokf*n  up.  and  showing  a  ilecldi'd  flecrca****  in  the 
nveraL-«>  L'rade  of  thi*  ore  prmliir«>d  Kxti-nsive  uork  has  heen  di»n»'  on 
th«*  tu*-niieili  \v\\*\  wirh  Ih**  \ii'W  of  d^'VclopinK  ore  helovv  a  p«i>sitil**  harrt-n 
/on«*  t-xlHtiiii:  at  fht>  rli-iaiion  of  thi*  niniMcfnih  level,  hut  with  n«*L:aii\e 
results.  Th'Tf*  art'  |K)ssiiil\  fxisilnL:  or»»  hodi«  s  at  a  tfreal^r  ilfpth  lint  It 
is  thf  opinion  oi  ihi*  opfratin.;  .-taflT.  from  a  thoron»:h  study  of  rh*-  liaMts 
of  thf  fxisflnc  orf  lodifs.  that  th*  rf  will  nf>t  in  this  property  hf  sufllcifnt 
on*  opfUfd  at  a  crfaiiT  dfplh  than  that  to  which  exploration   work   has 

I n  i-arrifil  to  warrant  tlif  expi'nst*  or  sinking!  and  exphirlnc      llowf\fr. 

thin  dtifs  nor  mean  that  ••  xplonitiiui  should  stop,  as  th«Tf  is  cnnsiilfralde 
ar*  a  oti  thf  npp«T  |f\"ls  of  thf  pneifrty  that  has  not  l»f*«n  thoroughly 
prii>pfcrfd.  ami  it  is  thi*  intintlon  t»f  the  manai.'fn:fnt  tti  ixplor"  this 
irntund  dnrin^  I'*I'*  I'Uf  to  ihi>  intfusf  lahor  >hitrtaL'f  durim:  ihf  yi  ar 
]'»1H    ihi>  work  was  imro^siMf  " 

Thf  INtrtland  Tiold  Minim:  <*<»mpan>.  iM>»'ratiim  im  Hattlf  Mount:iln. 
has  iH'fn  much  morf  suc-ffssful  in  its  d**ep  fxplorator>  work  On  thf 
twenty  on**  hnndrfd  finit.  or  drainage  tunnel.  Ie\el.  a  rich  ore  hitily  was 
rec'nilv  dlscoxerfil  In  rorllaml  M-in  Ni»  1  near  shaft  Nti.  1*.  The  !»'nor 
of  the  lire  is  said  to  a\frai:f  from  $::••.••<•  to  ftoiHi  a  ton  and  thf  shoot  is 
reuartied  a>  t»ne  of  the  ri('he<it  \*\  found  in  this  \ein.  The  vt<in  which  is 
nearl\  \ertical  and  trends  N  :;:.  \\'..  on  thi»  level,  parallels  a  phonolite 
dike  which  foUows  the  ciuitaci  hetwfen  uranite  and  l*ripple  Oeek  hri-ccia. 
This  ore  hofly  is  not  important  *m\  the  nineteenth  li*ve|.  hut  is  somewhat 
richer  on  thf  twentifth.  whi-re  its  width  varies  tnmi  fivf  to  twelve  feet. 
<  ►n  th«'  twentyllrsT.  whire  th«  Jest  values  art'  found,  thi*  width  varies 
from  fo<'.r  and  (Uie  half  feet  to  a  maxiniTim  oi  more  than  twenty  eicht  feet 
at  a  ti<dnt  where  the  vein  "sidits  '  into  east  and  west  branches  The  ore 
mineral  is  calaveriti'  and  the  i:ani:ue  minerals  are  f|uart7  and  chalceilony 
with  a  llttlt>  tluorite  There  In  also  consideraMe  dIsNeminateil  pvrite  in 
the  i»rf  and  the  wall  rock.  Tlif  mineralization  has  aff«'cted  the  i:ranite. 
the  phonolite.  and  th"  I  n-ccia  indiscrlminatelv  irivini:  rise  to  rlrh  ore  In 
all  three  variftifs  of  rock 

Th*'  I.*'*'  No  ."i  promiJ«'s  to  vii-hl  <"onsiil*'raM»'  t'ornmiTrial  ore  on  the 
twentv-flrsi  l<>Vfl  aUo  It  is  repiu:*-d  ih:ti  t!ie  ore  >hoiit  openeil  in  this 
Vein  on  this  l«'Vi>|  is  rirher  than  on  tht<  levfl  ali»ve  Th*  relation  «•(  the 
I>'e  No   .'i  to  Portland  No    1  vein  is  shown  In  the  acc«>mpunylnK  sketch 
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The  deep  development  work  in  the  Creeson  mine  on  Raven  HIII  li 
JuBt  beffinnlns.  Several  well  defined  veins  were  cut  recently  on  thtR  prop- 
erty In  the  croaa  cat  connecting  the  Rooaevelt  tunnel  with  the  nineteenth 
level.  Some  of  these  show  considerable  promise,  but  have  not  bem  sutn* 
clently  developed  to  give  an  Idea  of  their  extent  and  value.  However. 
conslilcTable  optimism  la  felt  concerning  the  persistence  of  the  oreit  at 
depth  In  this  mine. 

The  hlKher-level  strikes  In  recent  months  on  the  Trail  and  CVeiwon 
properties  have  also  stimulated  Interest.  On  the  Trail,  owned  by  the 
Tnited  Gold  Mines  Company,  a  rich  ore  shoot  haa  been  opent*d  in  the 
Dexter  vein  on  the  tenth  and  eleventh  levels.  Another  strike  on  the 
fourteenth  level  of  this  mine  haa  been  reported. 

In  the  (^reHscm  mine.  Important  discoveries  have  been  made  recently 
on  the  eighth,  eleventh,  and  fourteenth  levels.  It  has  been  demonstrat^nl 
that  the  Important  ore  shoots  In  thla  property  are  related  to  a  more 
or  less  chlmney-like  area  of  shatterlni?,  roughly  elliptical  In  plan,  with  a 
length  of  alK>ut  a  thousand,  and  a  width  of  Ave  hundred  feet.  The  richer 
ore  kKMliee  tend  to  occur  within  this  area  or  near  Its  borders.  Karly  In 
1919  a  rich  shoot  was  found  on  the  fourteenth  level  (No.  1417)  in  a 
aheeted  sone  In  volcanic  breccia  Just  outside  the  area  of  shattering.  The 
vein  strikes  N.  50  E..  Is  five  tu  twenty  feet  wide,  and  dips  steeply  to  the 
southeast.  The  same  shoot  Is  said  to  carry  commercial  ore  on  the  twelfth 
and  fifteenth  levels.  During  the  month  of  March  of  this  year  a  shoot  wus 
discovered  Just  within  the  shattered  area  on  the  eighth  level.  The  ore 
body  Is  nearly  vertical,  has  a  general  north-south  trend,  and  Is  approxi- 
mately sixty  feet  long  and  thirty  feet  wide.  It  Is  known  to  extend  nt 
least  one  hundred  feet  Inith  above  and  below  this  level.  The  average  tenor 
of  the  ore  is  |2o.0«)  a  ton.  the  higher  values  being  found  near  the  middle  of 
the  ore  body. 

Three  important  discoveries  In  the  Index  mine  .operated  by  the  EH  Paso 
Extension  Corporation,  on  the  southwestern  slope  of  Gold  Hill  have  been 
reported  rt*cH»ntly.  One  of  these  was  made  by  the  company  on  the  eighth 
level,  at  a  depth  of  appn)xlmately  1.160  feet,  at  the  intersection  c»f  the 
Index  vein  with  a  cniss  vein.  The  remaining  two  were  made  by  IesH«*e8 
on  the  fourth  level,  one  to  the  north  and  one  to  the  south  of  the  shaft. 

The  Rose  Nicola  mine,  situated  on  the  northwestern  slope  of  Rattle 
Mountain,  m-as  reopened  more  than  two  years  ago  by  the  Reva  Gold  Min- 
ing Company  and  exploratory  work  haa  been  carrletl  on  steadily  since, 
chiefly  upon  the  Ijost  Anne  and  Dexter  veins.  The  IxMt  Anne  vein  haa 
been  explored  by  a  drift  extending  from  the  eighth  level  of  this  mine 
directly  to  the  Portland.  Also  the  interse<'ti(ms  of  this  vein  with  the  Dex- 
ter and  Hidden  Treasure  veins,  where  rich  ore  iKMlles  were  exi»ected  to 
occur,  have  been  pros|>ected  on  the  seventh  and  eighth  levels.  (*p  to  the 
present  time  no  large  ore  bodlea  of  considerabble  richness  have  been  dis- 
covered, but  several  small  shoc»ts  of  some  importanc*e  have  be4*n  locattnl 
on  the  Dexter  and  Lost  Anne.  It  Is  possible  that  future  development  will 
result  In  one  or  more  rich  discoveries  on  this  property,  since  the  vein 
systems  are  exceptionally  well  defined. 

The  discovery  of  a  manganese  deposit  on  Ironclad  Hill  and  the  pres- 
ent attempt  to  develop  this  by  the  Lincoln  Mines  and  Reduction  company 
la  worthy  of  notice.  The  ore  occurs  In  the  form  of  psllomelane  which  la 
essentially  a  hydrated  oxide  of  manganese  with  small  amounts  of  barium 
and  potassium  oxides.  This  mineral  is  one  of  the  chief  sources  of  man- 
ganese the  world  over.  Its  occurrence  at  Ironclad  Hill,  however.  Is  unique 
In  that  ft  occurs  in  phonolltlc  breccia.  The  prcxluctlve  area  of  the  brec- 
cia appears  to  be  confined  to  a  lielt  fifty  to  seventy-five  yards  m*lile  and 
about  one  hundred  fifty  yards  long  and  trends  approximately  north- 
west-southeast. The  depth  to  which  the  mineral  extends  apparently  ex- 
ceeds one  hundred  feet,  since  samples  of  It  have  been  reported  at  the  baae 
of  an  Inclined  shaft  which  extends  below  thla  depth.    The  psllomelane 


extensive  mineralization  must  have  been  favored  by  {1)  the  greater  de- 
crease in  temjierature  and  pressure. of  the  rising  aolutions,  (2>  by  the 
checking  of  the  velocity  of  their  oecent  due  to  the  greater  number  of 
fissures  and  other  openings  near  the  surface,  and  (3)  by  their  greater 
minRling  with  descending  aoliitions  of  meteoric  origin.  But  the  history 
oC  the  development  in  the  district  during  the  past  few  years  indloatfs 
clearly  that  ore  shoots  of  great  richness  have  been  formed,  under  certain 
favorable  conditions,  at  depths  surprising  to  many  geologists  and  mining 
engineers.  It  is  believed,  therefore,  that  the  recent  striites  on  the  deeper 
levels,  such  as  those  on  (he  twenty-flrst  level  of  Ihe  Portland,  should  lend 
considerable  encouragement  to  deep  prospecting  on  the  part  of  tbp 
larger  companies  which  are  in  a  position  to  undertake  such  work. 


genenllv  aware  of  the  creditable 
the  minis  of  the  Cripple  Creek  dis- 
nar  A  list  ot  the  properties  that  re- 
of  high  wagp'i  scarcity  of  labor  and 
iiiuc  surprise  to  those  who  have  ae- 
"ntp'i  oi  certain  pessimistic  persons. 
I  lu  1  the  general  impression  (lial 
1  luiuinc  diatrlcfi  of  the  world.  Is  a 
L  n  n  of  the  true  conditions  dis- 
I  I    m  nent  mines  of  the  district 
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matntatn«>il  reKiilar  pnidurtlon  during  the  war.  ArooDK  these  mines  were 
the  P«>rt1and.  (Granite.  Vindicator.  Cn'sson.  Jerry  Johnson.  Forest  Qiie<*n. 
Indtx.  Dcinte.  Isahelle.  MckIoo.  I^exter.  Howard  Hhaft  of  the  Mary  Mr- 
Kinney.  Rose  Nirol,  part  of  the  Stratton  Ksiate.  Kl  Paso.  Gold  SovenMKn. 
Hliif  hlAR.  IClkton.  Gold  l)ond.  Queen  Bess.  Phoenix.  Jo  Dnntly.  and 
Block  s  of  School  Section  ItV  It  Is  Kenerally  accepted  as  Rood  practice 
to  maintain  ore  reserves  hy  pushing  development  work  during  periods 
of  normal  pnMliirtlon.  However.  In  the  case  of  a  Kold  mining  district 
«'hcre  all  mining  (osts  Increased  nearly  one  hundred  per  cent  while  the 
price  of  the  product  remalncKl  fixed  It  became  expedient  to  curtail  ex- 
|M*nditurci4  for  development  m-ork.  and  direct  attention  to  the  production 
of  such  ore  as  could  he  hoisted  with  the  minimum  exp«*ndlture  for  nil 
operations  which  were  not  Immc^dlately  productive.  Thp  following  of 
this  practice  in  the  Olpple  Cr«>ek  district  has  depleted  renerves.  and 
has  naturally  left  some  propertUw  in  a  condliltm  which  suK;:ests  approach- 
Ini:  I'xhauHilon.  while  as  a  matter  of  fact  the  situation  is  not  as  had  as 
It  IcKiks.  (or  r«H-ent  resumptlcm  of  systematic  development  work  has  re- 
Mult«*d  alr«'adv.  In  many  cases,  in  the  dlscov««ry  of  numerous  promising 
ore  ImmIIc's.  Among  the  properties  which  suspended  c»|>eratifms.  in  whol«» 
or  In  part,  during  the  war.  are  th**  following:  A. ax.  Klkton.  Strong. 
Jii  Dandy.  Acacia.  Blue  Bird.  Gold  Sovereign.  New  Gold  Ikdlar.  Queen, 
Petrel.  Bunker.  Prince  Albert.  (>(*ean  Wave.  Tornado.  SherlfT,  Nfastcr- 
piece.  Anchorla.  Inland.  Victor.^  I*ride  of  Olpple  Creek.  Mlllasler.  Krle, 
liertha  B..  \V.  P.  H..  White  Horse.  Jack,  Pot  and  Blue  Bell.  Several  of 
these  properties  have  resumed  operations  recently,  and  the  Blue  Bird. 
Maggie.  Klkton.  I>eadwood.  Free  Coinage.  Ac^acla.  W.  H  P.  and  Strong 
properties  are  preiwrlng  to  operate  aa  soon  as  conditions  Improve. 

DEVELOPMENT        At  this  time  there  Is  a  growing  tendency  on  the  part 

of  l>oth  large  and  small  o|»erators  to  undertake  d<'vel- 
opment  work  of  a  purely  exploratory  nature.  Engineers  familiar  with 
the  Cripple  Oeek  gcndogy  rec^oicnlKH  the  desirability  of  prospecting  at 
lom-er  levels  throughout  the  vein  system  extending  from  Stratton 's  Inde. 
|M*nden<  e  to  the  h^>rest  Queen,  a  distance  of  altout  three  mll«s.  Prospect- 
ing tielow  the  l.OoiWfoot  level  has  In-en  Umltc^d.  hut  the  efforts  of  several 
of  the  larger  oiM*rators  at  deep  levels  have  been  richly  rewarded.  It  Is 
of  interest  to  refer  to  the  successi-s  of  some  of  the  larger  producers 
m'hich  have  Iveen  the  mainstays  ol  the  camp  for  many  years  The  most 
noteworthy  examples  of  development  of  high  :;rade  cire  at  deep  levels 
are  to  be  found  in  the  Portland  and  Cresson  propi'rties. 

THE  On   the  RcMisevelt   Tunnel  level.  t>r  2.133ft    level,  of 

PORTLAND  (he  Portland  mine,  une  of  the  mcmt  s|>e<'taculur  dis- 

coveries of  the  past  few  years  has  been  made  On 
this  bottom  level  a  shoot  of  rich  ore  over  thirty  feet  wldi*  has  been 
opened.  The  same  cire  shoot  «'ap  about  ten  feet  wide  at  an  elevation 
one  hundreil  feet  above.  The  average  value  of  this  ore  lM»dy.  and  the 
possibility  of  Its  continuance  downward,  make  It  a  discovery  of  first 
iMUtortance.  It  Is  of  Interest  to  note  that  the  company  p«*rf(  rmed  S.071 
fevt  of  ilevelopm«*nt  work  during  the  year  191  s.  The  total  underground 
development  to  January  1.  1919,  amounts  to  a  little  bvn  than  »i3  miles 
In  the  Piirtland  mine,  and  nearly  17  miles  In  the  c orapany's  Independence 
mine,  nuiklng  a  total  of  n<*arly  SO  miles  of  underground  workings  The 
(ompanvH  grand  total  ore  pn)dui*tion  to  the  end  of  191K.  Is  3.949.24^  tons, 
having  a  grosj*  vabie  of  I4S.773.377.  To  January  1.  1919.  the  rompany 
has  paid  $11.2ri7.0«^ii  In  dividends,  of  which  amount  $3O0.<Mki  mas  distrib- 
uted during  the  year  191  s. 

THE  CRESSON  Thi*  Cressen   property  has  completed   Its  connec  tlon 

with  the  Roosevelt  tunnel  at  a  depth  of  1.9ir»  feet, 
and  has  cut  a  shaft  station  on  this  level.  Kxploratory  work  on  this  t>ot- 
tom  level  Is  under  way.  and  a  liody  of  high  grade  ore  has  been  opened. 


Early  in  1918,  development  work  was  Qiscontlnued  on  the  20th  level  of 
the  Golden  Cycle  shaft,  the  bottom  level.  On  this  level  a  total  of  4.2M 
teet  of  work  has  been  done,  and  no  ore  of  a  commercial  grade  exposed. 
Recently,  exploration  work  has  been  resumed  In  the  upper  levels,  and 
the  resiilta  of  this  work  have  been  cnpoiiraging.  During  191S  the  labor 
shortage  made  it  impossible  to  accomplish  much  development  work,  and 
,as  a  result  the  ore  reiserves  of  the  company  have  been  greatly  depleted. 
On  January  1,  1913,  the  ore  reserves  were  estimated  at  104,230  tons  of 
averase  grade  ore.  The  value  of  the  crude  ore  mined  on  company  w- 
count  has  been  |6,15  a  ton.  and  the  average  value  of  ore  mined  by  l.a- 
sees  lias  been  $!>.60  a  ton.  The  property  is  of  special  interest  on  acrou  i 
of  its  low  mining  cost  of  tl.SO  a  ton,  exclusive  of  cost  of  development 
the  operation  of  its  flotation  plant  at  a  cost  of  fifty  cents  a  ton;  and  tlif 
development  of  interesting  methods  of  ore  sorting  and  the  Muncaster 
system  of  inclined  shrinkage  stoping. 
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This  •ctlon  reduces  the  tendency  of  the  Urirer  rocks  to  clog  the  chutes, 
snd  the  rolling  of  the  larger  rocks  serves  to  separate  them  from  the  flnor 
material  which  finds  Its  wajr  readlljr  toward  the  chutes.  At  tho  vame 
time  the  larger  rocks,  which  are  frequently  not  payable  ore.  may  be 
retained  In  the  stopcs.  Further,  the  operation  of  the  ntope  may  bo  in- 
spected safely  from  the  quiet  surface  of  the  filling  alMivo  the  inactive 
chutes. 

THE  The  Roosevelt  drainaRO  tunnel  has  l>een  an  import- 

R008EVELT  ant  factf^r  in  doep-b^vel  development  of  the  dlstrlrt. 

TUNNEL  for  many  properties  could  not  have  been  o|>erated 

at  their  present  depths  without  its  assistance.  The 
only  mines  of  importance  which  could  have  been  operated  without  the 
tunnel  are  the  Portland.  Crcjtson.  Strong,  and  Granite.  The  tunn(*l  has 
saved  millions  of  dollars  whirh  would  have  liecn  expended  In  pumping. 
The  total  Icnfrth  of  the  tunnel,  from  portal  to  breast,  is  24.3!i.'i  feet.  It 
taps  the  El  Paso  mine  at  a  depth  of  1.2H9  feet,  the  Rlkton  at  1.r*40  feet, 
the  Crennon  at  1.915  feet,  and  the  Portland  at  2.133  feet.  The  Portland 
and  Treason  mines  are  ronnerted  with  the  tunnel  by  means  of  croMcuts. 
The  Portland  connertlon  Is  2.()<(0  f€K>t  Irnir  from  the  tunnel  to  Portland 
No.  2  Shaft.    The  Cresson  crosscut  is  1.715  feet  long. 

LE98EES  Many  important  mines  of  the  district  are  operated 

by  lessees.  Among  these  properties  are  the  Ameri- 
can Eagle.  Six  Points.  Ix>ngfollow.  Index.  Midget.  Jo  Dandy,  and  Hia- 
watha. Almost  all  the  mining  companies  find  it  advantageous  to  lease 
certain  blocks  of  ground  which  would  be  difficult  to  operate  on  com- 
pany account.  A  leasing  arrangement  which  has  gained  ccmsiderable 
popularity  in  the  district  is  the  "split  check  system.*'  in  which  the  com- 
pany supplies  the  equipment,  the  lessee  contributes  the  labor,  and  the 
net  pro<*eeds  are  divided  between  the  two  parties. 

LABOR  American   labor  Is  employe<l  almost  exclusively   in 

CONDITIONS  the  Cripple  Creek  district,  and  no  encouragement  is 

given  to  proposals  which  involve  the  introduc- 
tion of  foreign  labor.  The  district  is  In  great  need  of  skilled  miners  and 
other  labor.     Living  conditions  are  good  and  high  wages  are  paid. 


Metallurgy 

PROF.  IRVINQ  A.  PALMER. 

INTRODUCTION       The    proper    metallurKlcal    treatment    for    Cripple 

Creek  ores  Is  a  problem  that  for  years  has  absorbed 
the  attention  of  some  of  the  best  engineers  In  the  country.  Many  pro- 
cesses have  been  tried  and  a  laree  numl>er  of  reduction  plants  have  been 
erected.  OwIuk  to  the  |>eculiar  nature  of  the  ores  In  this  district,  the 
extraction  methods  that  have  proved  to  be  the  most  efflclent  show  a  con- 
siderable variation  from  the  standard  practice  in  other  gold  mining  camps. 
In  the  e.irly  days  of  the  Cripple  Creek  district  the  greater  part  of  the  ore 
was  sent  to  smelting  plants  for  treatment.  The  mines  were  fortunate  In  t»e- 
ing  located  comparatively  dose  to  several  Urge  lead  and  copper  smelters 
at  Denver.  Pueblo,  and  Ix'advllle.  The  ores  were  mostly  high  grade  and 
neede<l  no  roasting  for  the  smelting  process.  They  wen*  in  demand,  there- 
fore, by  the  smelting  companies.  But  the  treatment  charges  were  heavy,  as. 
th^  high  percentage  of  silica  and  alumina  in  the  ores  necessitat«Ml  theuse 
of  a  large  amount  of  iron  and  lime  flux  In  the  smelting  mixtures.  As  the 
camp  developed,  a  considerable  tonnage  of  lower  grade  ore  was  produced 
and  th«*  n«*cesslty  of  a  f*hsaper  reduction  melho<l  was  recognise<l.  The  first 
attempt  in  this  direction  was  the  Installation  In  the  district  of  a  numl>er 


in  ft  fortber  eoBtrmaktm  fa  tbe  miniiig  and  "■""■g  of  tbe  Cripple  CreA 
dimtrlct  ores  and  there  now  resuiln  in  mientim  but  tkree  of  tbe  Eumr 
mills  erected  to  taandle  Ib«m.    Tvo  of  (bese  plant*  w  «t  Vtctor.  treating 

low  gradi?  orfcs  ei'luBively.  and  tbe  third  ie  at  Colorado  Springs,  treating 
lilt  bentr  grade  ores,  together  with  the  con-en t rales,  slimes,  and  precipi- 
tat'.-  ir'im  one  of  the  other  two  mills. 

Thi-  (,r<-s  min»-(j  at  Crijiple  CreeK  Erelong  to  the  class  known  as  sulpho- 
f-Il^ri'i' ii  Theff  are  practically  no  base  metals,  such  as  copper,  lead  or 
zini ,  au'l  thie  amourjl  ol  silver  is  «o  small  as  to  be  of  little  commercial  im- 
j/unnni-.  The  'ires  are  mined  and  treated  almost  eiclusirely  for  their  con- 
ten','-  in  t-oM  The  ganrue  (onsists  mainly  of  bre<(iated  phonolite  and  gran- 
it'-.    A^  tti"-  Eaneueis  usually  quite  iiard  the  problem  of  crushing  the  ore  in 

n<-ar  th<^  surfa'"-  cjtif SderaMe  free  cold  is  found,  but  on  the  lower  levels 
Ih"  f...H  ot-ciirf.  lari^fiv  a^^  a  tell^iride.  i;siially  associated  wiih  p.vrite.  The 
pr'rJomjr.aiinE  ii'jl'i  njjn'^i-.'il  i-f  .=yr,anite  The  almost  inTariable  presence 
of  a  tT'-U!'-r  'jr  l'--i-'-r  arr.r.iint  of  p>rit*-  in  the  ore  has  made  the  problem 
of  ihi-  pr'ip'-r  rri'i-all'rrL-icBl  ir'-a!nient  a  difRcult  one.  Verv  earlv  in  the 
history  of  th'-  .iiMrict   i.   ■■■■.-.^  .o']!,fl  that  a  thorough  roasting  of  the  bieh 

.^noth'-r    ''i-ry    1:1,:   •:■:,:■    :■.-.-,-.-    1.;    ih-   (■ri^ple   Creek   ores    la    the 
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and  ffeamii  In  the  barren  rock,  but  the  ore  itself  In  turn  contatnn  the  Rold 
largely  in  minute  cracks  and  cleavaice  planen.  The  more  of  thes<>  cr«' vices 
and  cleavaue  planes  in  the  ore.  the  liiisher  the  ^rade;  the  Krent<*r  «>ase 
also  with  which  it  ran  Ih>  crushed,  and  consequently  the  fcreater  thi^  t tend- 
ency to  occur  In  small  pieces  after  )>einK  mined  The  large  pieces  that 
survive  the  blasting  operations  of  the  mine  or  the  coarse  crushinK  of  the 
mill  ow<*  their  size  to  the  fact  that  they  have  fewer  seams  and  cjpavaae 
planes.  They  are.  therefore,  low^r  In  i:rad«*  than  the  finer  pieces.  The 
seKreirarlon  of  gold  In  the  ores  Is  often  quite  apparent  to  the  eye  and  en- 
ables th<»  miner  by  hand  sortinu  to  discard  a  nmslderable  tonnage  of  rock 
that  would  not  pay  for  treatment.  This  f«*ature  of  (YIpple  Oeek  ores  Is 
more  marked  in  some  parts  of  the  district  than  in  others.  It  Is  particularly 
chariu'teriHtlc  of  the  ores  of  the  Vindicator  mine  and  forms  the  basis  of  a 
larg**  part  of  the  milling  practice  of  that  company.  On  the  other  hand, 
in  the  Oes!(on  mine  there  Is  a  more  uniform  distribution  of  the  gold 
throughout  the  entire  mass  of  the  ore.  E^-en  here,  however,  there  is  a 
tendency  towards  segregation  of  gold  in  the  fines. 

Another  characteristic  of  some  of  the  ores  of  the  district  is  the  in- 
creasing percentage  of  carbonate  of  lime.  This  has  l>ecome  so  marked 
In  some  cases  as  to  necessitate  a  modification  of  the  milling  practice. 
In  the  roasting  of  these  ores  much  of  the  lime  carl>onate  Is  converted 
into  sulphate  which  deporlts  in  the  pipes,  launders,  and  Alter  leaves  of 
the  cyanide  mill  and  adds  to  the  mechanical  difRcultles  of  the  prt>cess. 
This  will  be  rt»ferred  to  later  In  connection  with  the  Golden  Cycle  Mill, 
at  Colorado  Springs. 

The  outstanding  feature  of  the  m<^tallurglcal  methods  now  in  use  at 
the  two  mills  operating  in  Victor  is  the  extent  to  which  the  underlying 
principles  of  ore  dressing  are  applied:  that  Is.  the  elimination  by  me- 
chanical means  of  as  much  as  |K)ssible  of  the  unprofitable  gangue.  and 
the  separation  by  n*echanical  means  of  higher  grade  product  or  concen- 
trates from  other  material  requiring  a  different  metallurgical  treatment. 
It  is  now  recognized  that  in  the  past  a  considerable  amount  of  ore  has 
be«*n  shipped  out  of  the  district  that  did  not  pay  Its  way.  It  was  mixed 
with  higher  irrade  material,  and  the  profit  on  the  latter  absorbed  the  defi- 
cit on  the  former  In  recent  years  the  falling  off  In  the  average  grade 
of  the  ore  mined  and  the  constant  increase  in  the  cost  of  lal>or  and  ku|>- 
plles  have  impelliHl  the  mining  companies  to  look  into  this  matter  \ery 
closely  A  gn^at  many  trsts  have  bet*n  conducted  for  the  puriiose  of 
ascertaining  to  what  extent  the  al>ove  mentioned  principles  of  ore  drt».4s- 
Ing  could  be  applied.  These  t«*sts  have  resulted  in  a  material  modification 
of  the  practice  at  l>oth  mills,  and  in  a  gratifying  Increase  in  the  financial 
returns  The  newer  methods  also  enable  the  mills  to  handle  ore  that  a 
few  years  ago  would  ha\e  b«*en  regarded  as  unprofitable  waste. 

THE  The  larger  of  the  two  metallurgical  plants  at  VIrtor 

INDEPENDENCE  Is  the  Independence  mill  of  the  Portland  Gold  Mining 
MILL  (*ompany.     This  mill   was  formerly  the  property  of 

the  Stratton's  Independence  Mining  Comimny  The 
Victor  mill  of  the  Portland  Company  was  cIos«m1  on  July  3it.  ll^is.  and 
much  of  thf  machinery  was  moved  to  the  Independence  plant.  .Ml  of  the 
ore  HHluctlon  o|»erations  of  the  company  are.  therefore,  consolidated  In 
one  mill,  the  Colorado  Springs  plant  having  iM^en  closed  on  March  HI. 
191 H.  so  far  as  ore  treatment  was  conc«*rned. 

The  mt'tallurglcal  treatment  at  the  Inde|>endence  mill  Is  a  combina- 
tion of  mechanical  sorting,  water  concentration,  and  slime  cyanldatlon. 
Two  products  are  shipped,  ccmcentrates  and  gold  priHripltate.  Proltably 
the  most  striking  feature  in  connection  m*ith  the  o|>eratlons  Is  the  low 
grade  of  ore  treated,  the  mill  feed  for  several  months  past  having  aver- 
aged in  value  but  a  little  more  than  two  dollars  |>er  ton.  On  this  ore 
the  average  extraction  of  the  gold  is  atMUt  Ku  per  cent,  and  the  company 


■hntea  la  onlj'  ten  c«tit«  a  ton.  On  br1t1ii£  «t  the  niUl  the  ar«  la  aabieeted 
to  tbe  fint.KppUcathm  erf  tbs  ore  dressing  prtociple  br  betas  dsmped  orer 
SrlzzUes  wltb  Mncb  openings.  Tbe  OTersiTe  ot  plna  8  Incb  mat^rtal  Is 
sent  to  tbe  dump,  Aesara  of  tbe  coarae  t^iect  abow  it  to  CMitatai  about 
50  to  60  cents  In  gold.  As  tbe  loUl  cost  of  milling -tn  tbe  district  i*  about 
ll.OO  per  Ion  and  tbe  tslllng  rarely  rona  leas  tban  40  cents  per  ton  tbe 
wladom  ot  diacarding  the  coarse  rock  la  erldenL  In  Febmarr,  1919,  tbe 
Indepeudeace  mill  was  receiving  alioiit  1.5ZS  tons  of  low  grade  damp  and 
mine  ore  dally.  Of  tUa  abont  225  tana  waa  taken  oat  br  tbe  grizilies  and 
rejected.    Thla  left  1^00  tona  dally  to  be  treated  in  the  mill  proper. 

Immediately  under  the  grizzlies  are  tbe  atorage  bina  from  wbicb  the 
ore  can  be  sent  either  to  tbe  sampling  department  and  thenoe  to  the  cnisb- 
ing  plant,or  it  can  l>e  sent* to  tbe  cmabing  plant  direct.  Aa  the  mill  expects 
to  handle  a  considerable  tonnage  of  custom  ore,  there  ia  a  fully  equipped 
sampling  plant,  supplied  with  Vezln  aatomatlc  sample  cnttera.  The  com- 
pany alBO  Dsea  tbe  equipment  at  Interrala  for  tbe  sampling  t^  Its  own  ores. 

Tbe  ore  Is  delivered  from  the  bins  to  tbe  crushing  department  by 
means  of  conveyor  belts.  The  coarse  cmabing  equipment  consists  of  two 
No.  7Vi  gyratory  cmsbeta  and  two  sets  of  72  by  10  inch  Garfield  rolla, 
each  gyratory  crusher  and  set  of  rolls  constllntlng  one  unit.  As  the  ca- 
pacity of  the  crusher  and  rolls  Is  about  100  tons  per  hour  the  operation 
of  one  unit  for  two  shtfts  daily  la  sufficient  to  take  care  of  all  tbe  ore  that 
tbe  rest  of  the  plant  can  handle.  Tbe  gyratory  crushers  deliver  a  product 
of  a  maxltnuni  sl^e  of  4  Inches,  n'nlch  Ik  further  reduced  by  thp  rolls  to 
a  maximum  size  of  Z  inchPs  to  2,75  inches.  The  practice  with  ihe  Garfield 
rolls  is  interestiiiK  becausf  of  the  low  speed  at  which  tiiey  are  operated. 
A[  some  mills  rolls  of  this  size  are  run  at  from  75  to  100  revolutions  per 
mlnut*'.  At  the  Independence  plant  this  speed  has  been  reduced  to  be- 
twefn  Su  and  35  revolutions  wUh  an  Increase  In  efficiency.  The  greater 
effectiveness  at  the  lower  spefd  is  proliatily  due  to  the  lack  of  britlleness 
in  the  ore  and  to  better  Krippins  of  the  coarser  particles  of  the  feed  by 
tli»:  sunaces  of  the  rolls.  The  product  of  the  rolls  goes  to  storage  bins 
when'i;  II  Is  delivered  bv  an  automatic  tripper  conveyor  to  the  feed  hop- 
pers of  i;-C  fout  Well  ma  n-Seaver- Morgan  Chilian  mills.  The  ore  is  fed  into 
ilie  nulls  by  means  of  phinser  feeders  supplied  with  revolution  counters. 
Friini  lb''  ri'imher  of  the  pluuper  strokes  registered  by  these  counters  the 
ajijiroxinhate  tonnage  of  ore  delivered  can  be  calculated.  Along  with  the 
ore  there  is  fed  niill  solution  contalnlne  about  0.20  per  cent  sodium  cy- 
anide, in  Ihe  iiroportlon  ot  al:out  three  of  solution  to  one  of  ore.  From 
this  I'oint  onward  the  ore  is  in  continual  cantacl  with  sodium  cyanide. 
Five  of  the  Chilian  mills  operate  at  a  spi-ed  of  37  to  :!8  R.P.M,  and  the 
other  one  at  2!f  R.P.M.  Tlie  power  r  oiif.uniinlon  on  the  high  speed  mills 
Is  about  110  h.  p.  eath.  Two  of  the  mills  are  supplied  with  20  meeh 
Sf-reens  and  the  other  I'lur  wirb  t;  mesh  strcens.     Each  Chilian  mill  dla- 
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plants  there  are  employed  for  flne  rrtndlnff  eltlior  a  combination  of  disc 
cniahers  and  ball  mills,  or  ball  mills  alone.  In  spite  of  these  facts  the 
metallurgists  in  charge  of  the  Independence  plant  are  strong  in  tho  belief 
that  for  their  particular  ore  crushlnR  problem  the  Chilian  mill  Is  the  most 
satisfactory  machine  that  could  be  installfMl.  It  must  \ui  remembered 
that  the  feed  for  these  mills  consists  of  a  hard,  tough  ore.  of  a  maximum 
size  of  2  to  2.76  inches,  and  that  the  final  crushing  of  the  sand  produced 
is  performed  in  ball  mills.  The  Portland  engineers  have  mad<»  many  tests 
to  determine  the  relative  efficiency  of  various  types  of  grinding  machin- 
ery, so  that  their  present  practice  Is  not  the  result  of  prejudice  or  ln« 
difference. 

The  question  as  to  what  type  of  clasulfler  should  l>e  used  between 
the  Chilian  mills  and  the  ball  mills  was  also  subjected  to  considerable 
experimenting.  The  Akins  machine  was  Installed  because  it  Is  simple  in 
construction,  occupies  small  space,  and  delivers  sand  comparatively  free 
fh>m  slime.  Any  coarse  material  that  may  escape  in  the  overflow  la 
caught  on  the  tables  and  either  goes  Into  the  concentrates  or  Is  returned 
as  a  middling  product  for  further  grinding  in  one  of  the  ball  mills. 

In  the  flne  grinding  department  there  are  six  6  by  6  foot  Colorado 
Iron  Works  ball  mills,  having  chilled  iron  liners  and  using  tm-o  inch 
chill€»d  iron  balls.  Five  of  these  mills  receive  the  sand  discharge  from 
the  Akins  classiflers  previously  mentioned  and  the  other  is  used  for  re- 
grind  Ing  the  middlings  from  the  concentrating  department.  About  60  per 
cent  of  the  total  amount  of  ore  crushed  goes  to  the  ball  mills.  The  first 
fire  mills  operate  in  closed  circuit  with  Akins  classiflers  and  the  sixth 
in  closed  circuit  with  a  Dorr  drag  classifler.  The  overflow  from  all  of 
these  classiflers  goes  to  thickneners  and  thence  to  the  concentrating  and 
cyanlding  departments.  The  use  of  the  Dorr  classifler  in  connection  with 
the  ball  mill  grinding  the  middlings  finds  its  Justification  In  the  very  small 
percentage  of  sand  passing  over  with  the  slime.  As  this  Is  the  flnal 
classifying  machine  in  the  mill  the  point  Is  of  some  importance. 

In  tho  next  step  of  the  milling  operations  there  is  another  example 
of  the  application  of  the  ore  dressing  principle.  As  a  large  percentage 
of  the  gold  in  the  ore  occ  irs  as  telluride  in  close  association  with  pyrlte. 
It  would  be  necessary  to  roast  the  ore  in  order  to  get  a  good  extraction 
by  the  cyanide  process.  The  roasting  at  Victor  of  a  low  grade  ore.  such 
as  that  treated  In  this  mill,  would  be  out  of  the  question  because  of  the 
additional  expense  Involved.  The  greater  part  of  the  gold  bearing  pyrlte 
Is.  therefore,  removed  from  the  slime  by  means  of  concentrating  tables, 
only  the  tailings  from  these  tables  being  subjected  to  complete  cyanida- 
tion.  Some  of  the  gold  Is.  of  course,  removed  from  the  pyrlte  liecause  the 
concentrating  operations  are  conducted  In  mill  solution  containing  so- 
dium cyanide. 

The  slime  overflow  from  the  flrst  series  of  Akins  classiflers.  after 
passing  through  the  primary  thickeners,  where  the  excess  water  is  re- 
moved. Is  conducted  to  the  concentrating  department  at  5  per  cent  on 
40  mesh,  where  the  separation  Is  effected  on  tables  cqulpp4Hl  with  Card 
mechanisms  and  Wllfley  tops.  This  combination  has  been  found  to  he 
very  satisfactory  for  this  character  of  work.  Two  products  are  made, 
rougher  concentrates,  which  go  to  flnlshing  tables,  and  tailings,  which  go 
to  thickeners  In  the  cyanide  department.  On  the  flnlshing  tables  three 
products  are  made;  concentrates,  which  go  to  the  bins,  preparatory  to 
drying  and  shipping;  middlings,  which  are  elevated  and  delivered  again 
to  the  flnlsher  tables,  and  hence  are  In  closed  circuit ;  and  tailings,  which* 
aa  referred  to  al>ore.  are  returned  to  one  of  the  ball  mills  for  ^lrther 
grinding.  This  reground  portion  or  middling  Is  thickened,  given  a  pre> 
limlnary  agitation  in  two  30-foot  Dorr  agitators,  and  then  passed  to  the 
regular  slime  agltatUm  system  with  the  bulk  of  the  ore. 

The  slime  overflow  from  the  Akins  classiflers  In  closi^  circuit  with 
the  ball  mills,  after  partial  thickening,  la  sent  to  another  aeries  of  tablea 
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(or  frfjm  4h  to  u  hfiiir"  Thi-  K''ld  telloridea  go  inlo  solution  ratber 
■lowly  rtnil  It  h  i  rj  Important  Chat  ^uffii'ient  tiro#>  be  allowed  for  the 
tifi'iratton  K'Tom  rhp  agitators  the  pulp  ahil  solution  go  to  four  Merrill 
fili<;r  prtK-Mn  'aih  'ontiinin:;  nmPtv  4  by  •>  foot  by  2  ,  in.  frames.  Here 
th<-  [iiilii  JH  filtirprl  from  th*  solution  »<i=h(-d  first  witb  barren  mill  solu- 
tion dHil  flndll)  witn  iT'sh  natT  anil  [hen  Biuired  out  of  the  frames  into 
thft  t-iilinw  laiiniipr  ThP  fniirp  op' ration  is  almost  automatic,  requiring 
thp  attf-ntlon  of  but  one  man  per  shift  and  is  deserving  o(  a  more  de- 
talntd   deirriiition   than   (an   l,<    eiifn   h'^re 

froiii  rli>  Vl(rrl;l  (ir'-"sp«  ihf  clear  olution  except  the  lower  grade 
waMliiiit-i  «lii<h  jrt  ri  rurned  to  the  mill  circuit  Is  sent  to  the  precipita- 
tion '1«  [iirrriT  nt  first  pds'iini,  tlrouth  the  Cro«e  vacuum  system  for  the 
n:ti.oi  il  ol  till  (lh',olwfl  dir  In  this  process  the  lolutton  is  run  into  a 
clos  il  Hi"l  1  inl-  fmm  whii-h  "if  air  1-,  tontinualh  cihaiisted  bT  means  of 
a  vii'ijurii  I  iinii.  Tli*  r  I'a  <  ol  i  rf-siur-  oier  thf-  solution  causes  most 
of  lb'  'Hh  nil  'i  dir  to  •  '  11  I  Th>  -,oiiiuon  is  now  ready  for  preclplta- 
tioN  rbli  IS  iffctfd  b  2Jni  n-{  in  \!  mil  zini  presses.  The  iinc  dust 
iM  t.il  into  til'  lolnii^in  .1  It  'im--,  iron  ih>-  vacuum  lank  by  means  of 
an  aiitoriidtl'  c, Uiidric  al  :■-  rkr  \i  this  vtit  j'  the  process  the  solution 
carrb  s  i  '•  <eniv  in  uoM  pi  r  i  a  jih'  h  an  o  im  of  zinc  dust  required  Is 
about  o  ii&  iioiind  per  Ion  Th  u-.  ot  h'-  K'l  m  avstem  has  enabled  the 
E'ortlrfii'l  compinv  (n  :  I  [  'n  i  i  u  i  (  [  /mt  and  sodium  cyanide 
Bt   this   mill   lerv    ma'    ni  i        i  i  Th.    eold   precipitates   very 

qiilckU    and  jIiuii  t    j     i  I  i     ii    nt  of  the  press  as  In 

th';  lj-.t      liiTiir.   ili  -d  oxysen  retarded  the 

pre'lpHiM.  n  in  o\[  li   h  r  >-  e=iitated  the  use  of 

n   larger  amoujn   m      in         i  ,  r     lun.     Moreover,   the 

zinc  oxide  produfFrl  u    rn    i      u     ri    i  o  [i        iid   n ith  the  lime  in   the 
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solution  and  thu*  cloKxed  the  pores  of  the  filter  lenvcH.  Thin  could  be 
(>ven*<iine  only  by  the  tme  of  mon*  cyanide.  The  vncuiini  Hymem  Is  the 
Invention  of  Thomaic  I).  Crowe,  superintendent  of  the  Independence  mill. 
and  Is  now  In  itsr  by  many  cyanide  plants  in  all  parts  of  the  world.  After 
washlni;.  the  gold  precipitate  Is  rcmov«'d  from  the  filter  l«*aves.  dcwntered. 
and  then  sent  to  the  old  Portland  mill  at  Colorado  SprinRs.  for  reflnlnK. 
The  amount  of  solution  rea*  hinc  the  zinc  press«*K  is  two  tons  fcr  each 
ton  of  ore  milled  The  cyanido  constimptlon  is  0.25  iK)und  per  tern  of  ore. 
the  zinc  consumption  is  AH  jMiund.  and  the  total  cost  of  milling  Is  about 
II  <»<»  p«'r  ton.     The  net  recovery  is  about  hO  |>er  cent  (m  |2.ou  ore. 

Th«*  UH«'  of  prcHHun*  fllt«*rH  followiim  the  acltators  in  open  to  qnestlon 
and  huH  been  th«*  subject  of  consideration  by  the  l*f>rtlaiid  «*nKineers.  On 
the  f:rude  of  ore  treated  it  >%ould  seem  that  a  fllt*'r  of  the  ()llvf*r  type 
would  be  Justified  because  of  its  cheapness  and  slniplicity.  The  Portland 
comiany.  bo>»e>er.  is  (*ontemplatinK  the  milllnt:  of  hltsber  grade  ore  later 
on  and  thinVs  that  the  better  separation  of  solution  and  pulp  effected  by 
the  pressure  filter  justifies  Its  continued  use  Two  factors  that  would  de- 
crease the  eftlcien<  y  of  vacuum  type  filters  at  this  plant  are  the  con- 
siderable amount  of  granular  matter  in  the  slime  and  the  high  altitude. 

The  use  of  flotation  in  the  milling  of  Cripple  Cre«>k  ores  has  for  some 
time  been  the  suliject  of  coni^iderable  experimenting  by  the  Portland  met 
allufglsts.  The  occurrence  of  the  gold  largely  as  sulphotellurides.  and 
the  fact  that  the  v«<ry  fine  slime  not  am(»nat>le  to  gravity  concentration 
carries  so  much  of  the  valn«>s.  have  suggested  the  possibility  of  replacing 
iKvth  table  ciuicenirution  and  cvanldation  bv  fiotatlon.  To  this  ('Ud  a  great 
many  t«-Ats  were  made,  and  finally  a  4outon  Installation  put  into  opera- 
tion, and  loiMM»o  tons  treated  before  abamlonlng  the  prwess.  The  net 
result  of  ibesi'  t»'sls  has  been  the  decision  *)f  the  comimny  not  to  change 
Its  metallurgtcal  practlie.  at  least  fur  the  present,  althtuigh  some  fiota- 
tlon experiments  are  lieing  continued. 

m 

The  presence  of  so  niueh  of  the  gold  In  the  finely  ground  slime, 
whi' b  has  been  refrin-d  to  al'ove  as  hn\in»:;  bei-n  one  of  the  chief  fa*  tors 
In  suggesting  fiotaticm.  is  cb)s«*ly  associated  with  the  <-hlei  difilculty  in 
the  process.  The  (olloldal  m::teri;.I.  whih  of  rour-^i-  is  mainly  "nngue. 
ti'Uds  to  go  into  the  fiotatlon  concent nites  and  thus  lower  the  gratie  In 
the  Independence  mill  tests  it  was  found  that  in  order  to  make  a  <  1*  an 
concent! at*'  it  was  nerrssary  to  sacrifice  guld  in  the  tailings  A  nigh  r<>- 
rovery  meant  a  low  grade  concentrate.  Ah  tne  con«'ent rates  must  Ih»  sent 
to  a  smelter  for  reiluction.  any  d«*<  rease  in  the  gnule  m«  ans  an  lncr»*ase 
In  the  freight  and  treatment  chnrg«*.  The  fiotati<m  tests  at  th»'  Inde- 
pendence plant  were  made  largely  with  machines  of  the  pneumatic  tyiM». 
In  the  opinitm  of  a  number  of  engineers  who  have  studle«l  the  problem 
better  results  can  be  (ditnlned  by  the  us**  of  agitation  machines.  The 
Vindicator  Mining  company  Is  In  fact  using  Minerals  Separation  equip- 
ment and  is  getting  a  goo<l  extractlim  of  the  gold.  The  fiotatlon  problem 
at  Victor  is  an  interesting  one  and  is  worthy  of  all  the  attention  that  is 
iHdng  given  to  It. 

THE  Thi>  Vluditator  Mill  Is  an  lntert*sting  example  of  an 

VINDICATOR  ore   dressing    plant    pure   and    simple.     Tberi*    is   no 

MILL  cvanidatlon    and    all    the    products    shipiMMl    ar*-    the 

results  of  screening,  sorting,  washing,  and  flotation 
conc»'ntrati«>n.  }h^o  airain  the  ore  treated  Is  of  very  b»w  grade  The 
present  practice  at  the  mill  was  lntro«lu**ed  something  more  than  a  vear 
ago.  and  Is  the  result  of  a  great  deal  of  experimentation  tm  the  part  of 
the  metalhirgical  staffT  Thousands  of  screen  t»*sts  were  mad*'  with  the 
object  of  determining  the  amount  of  gold  In  the  various  produ*"ts  of  the 
crushing  and  washing  operations.  The  tests  sh«>wed  <Nmt'luslvt»ly  that  a 
large  proiMirtion  of  unprofitable  nxk  that  formerly  had  tHM>n  shlp|H-d  to 


TbM*  «Wi  »  fonlMr  t»i-r;a«8  al  t*f«Bam  due  m  dia 
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*«>(«Mi«  Cg»wia(  owMTwnol  oC  nwiiffafc  K««i  wmA  Iwifcia  A^33  is.  pep- 
brasloM.  iMrtd*  dM  aninm«t  Jefs  of  water  ac  ncfecr  feicfc  ^  i  mm  h  plsr 
■pim  [Im  aiovlac  ore  imA  waaii  off  t&«  tec,  hwi[|  aAMtaf  so"  heartac 
puTb-l««  aod  doM.  iwlac  aiitcd  br  Ox  auzttloa  of  tlM  iJnrni  «£.  a*e  tiiai 
tM  itf^  «m^  nchAT  TUe  •lim«a  itai  pnMteeed  sad  Ite  be  o*  bv  to 
4  JTS  la.  In  diasMWr  are  waabcd  throosh  cfc*  DYMud  ^id.  pass  tB  Haafcii 
Hill  M-owtait  iiYiMna.  wbere  cbexc  (>  a  ii  uai  illiai  te£a  two  t'^f'^'lf. 
■UoMa  nr  waalUa«i.  wblcli  no  u  aeOlfac  canka,  and  «««nAB  ■*  to  Li;»  io. 
wU/^b  STMa  t»  cb*  Goldan  Crel«  hUI  dtrect.  Tba  """-r  naka  Br«  fan 
Id  nnm'>*r  anil  an  f-ayli  [9  IDTfHt  tlie  eici>aa  vaxer  Ea  liiwiied  off  and  Cbe 
iJIm"*  L-i^fl  r./  mi^ann  --.f  '-<^m  ruS"^  "Hie  masenal  is  cien  sbor.;ierf  one 
an.i  *.■.. (,!,*.;  rr,  -r.-  fy*„ri.>n  C?-;':  ^;.:  (or  [frarmeat.  The  aT-raae  value 
nf  Ti'-ifr  1  :m— 1  i:i  a:i'.ii'  i:2i'i]i|  pT  fr.Q.  a  vi%ry  aurlkine  illiiHrTai^lOQ  of 
f.r.'-    ■'•r.ilftniy  '.f  '">:;.;.:■=:  f.-trfi   twA   -a   r.f-i-   m   rtii;    ilnea.     In    iJlS    the 
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Flotation  Is  effected  In  Minerals  SeiMiratlon  macblnoi,  there  being 
twelTe  24  hj  24  In.  rougher  celU,  and  Ave  24  by  24  In.  cleaner  celU.  The 
tailings  from  the  cleaner  cells  are  passed  over  a  Wllfley  pilot  table.  The 
oil  used  per  ton  of  ore  consists  of  a  mixture  of  .5  gallon  Florence  fuel 
oil  and  .11  gallon  General  Naval  Stores  Co.  No.  8.  In  this  mill,  as  at 
the  Independence  plant,  considerable  difficulty  was  experienced  in  the 
flotation  treatment  because  of  the  large  amount  of  colloidal  material. 
To  counteract  the  Influence  of  this  to  some  extent  the 'Impellers  of  the 
machines  are  run  at  high  speed.  At  the  Vindicator  mill  the  Impellers 
have  a  peripheral  speed  of  2.000  feet  per  minute.  From  the  flotation  ma- 
chines the  concentrates  go  to  a  Dorr  thickener,  where  the  amount  of 
water  is  reduced  to  So  per  cent.  The  thickened  pulp  goes  to  a  12  by  12 
foot  Portland  Alter  which  reduces  the  water  to  30  per  cent.  The  low 
elDclency  of  the  Alter  is  accounted  for  by  the  large  amount  of  finely 
divided  clayey  material  In  the  pulp.  The  flnal  drying  Is  performed  on  a 
6  by  40  foot  Lowdcn  dryer,  which  delivers  a,  product  carrying  about  17 
per  Lt*nt  of  moisture.  The  difficulty  of  dewatering  these  concentrates  by 
means  of  the  equipment  now  in  use  is  so  great  that  the  company  Is 
considering  the  use  of  steam  drying  tanks,  such  as  are  used  for  the 
washer  slimes.  The  dried  concentrates  assay  from  $35.00  to  $40.00  In 
gold  and  are  sent  to  the  Oolden  Cycle  mill  for  treatment. 

The  Vtndicstor  engineers  have  done  a  great  deal  of  experimental 
work  on  flotation,  and,  while  the  prcx^ess  is  a  commercial  success  as  at 
present  operated  by  them,  they  feel  that  there  Is  still  room  for  improve- 
ment. The  great  difficulty  la  to  produce  a  high  grade  concentrate,  while 
at  the  same  time  maintaining  a  high  percentage  of  recovery.  The  small 
site  of  plsnt  ne<essary  for  the  tonnage  handled  and  the  simplicity  of  the 
flow  sheet  are  certainly  strong  arguments  In  favor  of  the  process,  and 
offer  great  Inducements  to  those  who  are  working  It  out. 

During  the  year  1918  the  Vindicator  flotation  plant  received  from  all 
sources  222.626  tons  of  ore.  of  an  average  assay  value  of  $2.13  per  ton. 
Of  this.  176.623  tons,  averaging  $1.42  per  ton,  was  rejected  by  screening, 
and  46.003  tons,  of  an  average  assay  value  of  $4.18  per  ton.  was  sent  to 
the  flotation  cnishlng  department.  The  flotation  plant  produced  6.029 
tons  of  concentrates  having  a  gross  value  of  $206,254.81  and  a  net  value, 
after  marketing  charges  of  $171,037.92.  There  was  a  net  proflt  of 
$27,955.40. 

THE  GOLDEN  The  Oolden  Cycle  mill  is  the  only  remaining  plant 

CYCLE  MILL  of  the  many  erected   otitside  of  the  Cripple  Creek 

district  for  the  purpose  of  treating  the  ores  from 
that  camp.  It  was  built  originally  as  a  brominatlon  plant,  but  was  con- 
verted Into  a  cyanide  mill  about  four  years  later.  It  is  now  the  largest 
mill  In  the  world  treating  gold  ores  by  a  combination  of  roasting  and 
cydnldation.  Only  the  high  grade  ores  from  the  mines  at  Cripple  Creek 
and  the  concentrated  products  from  the  Vindicator  mill  are  sent 
to  the  Golden  Cycle  plant.  The  greater  richness  of  the  material  treated 
permits  of  a  more  elal>orate  extraction  scheme  than  that  of  the  Inde- 
pendence mill,  but  the  flow  sheet  is  a  comparatively  simple  one.  The 
efficiency  Is  so  high  that  there  Is  practically  no  limit  to  the  grade  of  ore 
received,  although  it  is  customary  for  the  mining  companies  to  **grade 
down**  by  mixing  the  very  rich  ore  with  that  of  lower  grade  before  ship- 
ping. The  lead  smelters  now  receive  but  an  Inslgnlflcant  tonnage  of 
Cripple  Creek  ore.  The  Golden  Cycle  mill  is  a  custom  plant  only,  snd  Is 
•quipped  with  a  very  complete  sampling  department  Blake  crushers 
are  used,  followed  by  coarse  rolls  and  sample  cutters  of  the  Veiln  type. 
The  reject  goes  to  the  storage  bins.  All  of  the  ore  received  is  roasted 
before  being  cyanided.  so  that  the  next  step  is  to  crush  It  to  the  site  most 
■nltable  for  desulphurlxation.  At  this  point  It  Is  necessary  to  divide  the 
ore  Into  two  classes,  according  to  the  percentage  of  lime  contained.  The 
lacreaalng  amount  of  carbonate  of  lime  In  some  of  the  Cripple  Creek  ores 
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TbeM  Iwo  cluaa  of  ore  are  bedded  aepaislelj  hi  as  to  s^tc  eacb 
class  Its  OKMt  eadeDt  trsatm«nt.  Tlie  beds  are  large,  about  5.000  tons 
eacb.  thna  aTolding  freqnoat  chansea  in  Ue  cliaracter  oC  the  ore  goiuK 
to  the  roaaten. 

Tbe  cmabliiK  for  tb«  roasting  department  ti  done  in  Bebmldt  "komi- 
niitrrH",  a  typ«  of  ball  mill  adapted  to  inoderately  fine,  dry  crushing. 
Th'.'  (lin';iar«*>  is  put  throueh  diaeonal  .^lotted  acrepns  9-fil  by  1-3  inrh. 
BivinK  a   [irinliirt,   whirh   analyzes   a.s   shown   in   the   foliowin?   table: 

SCREEN  ANALYSIS  OF  BALL-MILL  PROqUCT. 
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Tho  iifc<'  of  thf>Hc  "kominutcrii"  Imn  b<*on  iritlrliti^d  ami  it  would  8<'cin 
thnt  mat  hines  of  tho  iIImc  crusher  type  wiiuld  bo  uioro  HUltablo  for  the 
wiirk.  Thp  ri'puirK  nn  th«»  •■kfinniint«»rs"  an-  quito  heavy,  and  :ib  the 
urn-ens  wear  there  ift  a  (onnlderable  variation  In  the  llneneKs  (if  the 
crushed  product.  In  the  dry  Rrlndlni;  of  Cripple  Creek  ores  It  in  deslrablo 
to  ke«»p  thi'  penentaKe  of  v^-ry  fine  material  as  low  aa  possible  In  ordnr 
to  derrease  the  dUHt  lo8s  In  the  roa8t«TM  The  flneH  carry  more  K'dd  than 
the  ccMirser  material,  and.  in  addition.  sh<»w  a  tendency  to  flow  throuRh 
the  roa^tiTH  without  beinK  properly  overturned  liy  the  rabbles.  On  the 
other  hand.  tiMt  much  coarse  material  in  the  product  will  result  in  faulty 
elimlnatiuD  of  the  sulphur. 

The  two  classes  of  ore  are  handled  separately  in  the  roasters.  Each 
roaster  handle's  about  TiO  per  cent  more  of  class  A  ore  than  of  class  I), 
showinie  the  imiMirtance  of  the  amount  of  lime  as  afTeetinK  the  roastinK 
practice.  The  roast iuK  is  performed  in  i*  furnaces  of  the  Kdwa*^ds  duplex 
54  rabble  type.  supplie«l  liy  the  Stearns  Roger  Mfg.  Co.  The  roasting 
hearths  are  115  by  1.1  fe<>t.  and  the  cooling  hearths  44  by  13  feet.  There 
are  27  pairs  of  rabbles  m  the  nmstlUK  hearths  and  11  pairs  in  the  coolers. 
The  rabbles  inside  the  furnaces  are  water tooleti.  There  are  three  Are 
boxes,  of  the  semi  i;a8  produ<'er  type,  to  each  roaster.  The  regulation  of 
the  temp<  rature  is  very  important  and  nn)wn  Indicating  pyrometers  are 
used  for  this  purpose.  F>e«iuent  chemical  determinations  are  also  made 
ufHin  the  roasted  produrt.  The  maximum  temperature  attained  in  roast- 
ing «'lass  A  ore  is  about  s7«»  C  and  in  class  B  about  900  ('.  The  tempera- 
ture at  the  discharge  point  of  the  roasters  Is  about  4Kr>'C  and  at  the  dis- 
charge point  of  the  cwders  al>out  L'TS'^C.  Th«*  high  lime  ore  requires  the 
higher  lemperatUH'  beeause  the  calcium  sulphate  pHNluced  is  thereby  ren- 
dered leffs  soluble  in  the  mill  scdutions.  Th«>  capa«ity  of  the  roasters,  for 
class  .\  ores,  i:^  from  12.'*  to  15u  tons  |>er  24  hours,  and  for  class  R  ores, 
from  **••  to  lOti  tims  |mt  24  hours.  The  avoidance  of  dust  bwses  in  the 
roasting  is  very  important,  and  the  ore  is  subjected  to  the  minimum 
amount  of  agitation  thrtuighout  the  entire  operation.  The  slope  of  the 
hearths  toward  the  discharge  end  Is  0.5  In.  to  the  foot.  From  the  cooling 
hearths  the  roasted  ore  falls  through  a  choke  fe«Mler  u|>on  a  reciprocating 
drag  I  onveyor  at  the  far  i»nd  of  whi<'h  Jets  of  water  are  spraycn]  over  the 
ore  The  drag  etm^eyor  discharges  the  pro<Iuct  now  at  a  temperature  of 
about  ?<•  ('.  upon  a  rubber  belt  c<mveyor  which  carries  the  ore  to  the  Chil- 
ian  mills  In  the  <  yanide  department.  The  total  dust  loss  is  about  0  4  per 
cent  by  weight,  and  the  dust  contains  2"  per  cent  more  gold  than  the  ore. 

In  the  cyanide  department  both  sulphates  and  soluble  sulphlden  are 
hindrances  to  good  work.  The  soluble  sulphides  consume  cyanide  and 
atta<  k  7.in<>.  Jhey  are  artive  reducing  agc^nts  and  remove  oxygen  from 
the  solutions.  .Acid  sulphates  are  also  cyanlcldet  If  not  neutralised 
quickly.  Calcium  sulphate  is  a  decided  nuisance  l>eoau8e  of  Its  tendency 
to  separate  out  as  crystals  uinm  the  pipos.  launders,  thickeners,  filter 
mats,  clarifying  mats,  filter  frames  and  cloths.  u|>on  the  xinc  and  In  the 
zinc  boxes.  Most  of  the  soluble  calcium  sulphate  at  the  Golden  Cycle 
mill  is  produced  In  the  roasters  by  the  sulphatlxing  of  the  carbonate  of 
lime  in  the  original  ore.  It  Is  found,  however,  that  If  the  ore  Is  roasted 
at  a  temperature  somewhat  above  STO'C,  the  calcium  sulphate  produced 
iHKomes  practically  Insoluble  In  the  mill  solutions.  ThU  result  Is  attrlb- 
ute<I  to  the  more  perfect  dehydration  of  the  sulphate  at  the  higher  tem- 
perature. Naturally,  greater  care  must  be  ohsenred  In  roasting  the  class 
B  ore  than  when  working  upon  class  A  ore.  The  low  llmtta  of  Insoluble 
sulphur  and  soluble  sulphides  In  the  roasted  products  are  as  followa: 
Class  A  ore — 0.10  per  cent  each:  claas  B  ore — 0.15  per  cent  each.  At 
these  percentages  there  Is  the  maximum  extraction  of  values.  It  Is  found 
that  if  the  nmsting  be  carried  b««yond  these  limits  the  residues  become 
richer,  although  the  cyanide  treatment  Is  simplified.  In  addition,  the 
cost  of  roasting  Is  greater.    The  followteg  table  shows  In  a  striktiig  man- 
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%%  to  wh<*ther  an  allitllnilnK  pn)rPi«H  hIiouM  Ih»  lifted  nt  thin  phint  ban  r«*- 
celvvd  rarnftil  connidMratic^n.  tmi  Iuih  I»pi*ii  dcriflod  In  tli«*  n«'Kall\i>  Whll*' 
then*  wtiuld  Im*  8omr  Klmpliflration  of  thf  Mow  shi'H  tiy  ttit*  iidfiptfon  of 
a  syHtcni  tnvoh  Ini;  8llmi>  tn'utnu'nt  only  thi*  cosi  of  urindhm  ^uiiid  ho 
nmrh  a:rt*ut**r.  and  th«>r*'  would  !>•'  no  rnrr**Hpondln);  incn^aMi'  In  tin'  ni«'(al 
••xtrai'fiiin  It  has  aln*ady  )i(M>n  stat^Ml  tliat  \<Ty  nn<'  lO'lndlnK  i**  not  niT- 
csf«ary  on  th«*  roantod  ort*  In  order  tii  Kft  «>fr*'i'(|vi*  ryanldation.  Hut  for  the 
f  omlilnatliin  pro<  ohs  thcrf  niunt  bp  a  v«»ry  coniplcto  8<*paration  Intn  sand  and 
Hilni*-.  K'tr  this  purpose  the  (lolden  ('y<l#»  nMnpany  has  n'«ently  inf<(all*'d 
a  iNtrr  rhisnifler  with  a  1L*  foot  Imiu]  and  «-apabl«'  of  handlini!  thi*  tntlre 
tiinnaKi*  of  (h«>  mill  Thi..  machin*-  in  intiMuh'd  to  replace  .'•  KnialliT  ( iassl- 
ri«T>  iif  tht>  sano*  typt*  So  t'tfli'ti'm  i>  th«*  rIaMf Ififatlon  that  th**  sMmm'n 
<(>nialn  hut  n.ri  p«  r  cent  of  fands  and  th«>  sands  l>n(  f  per  cent  m  slitufs 
<miih|  classification  is  so  Iniporian'  at  this  plant  hecause  of  the  lo'ci'ssity 
of  rapid  leachini;  in  the  percolation  tanks  and  of  mtv  thorouuh  a^'iratlon 
and  aeration  in  the  slinit*  trtsitivcni  tanUs  Tip*  reductnk:  actimi  of  thi* 
stdnhlf  sulphid«'s  and  the  c*-ndency  oi  th«*  calcium  sulphati*  to  cry?(ralli/.e 
arc  l»ofh  mininilz«^l  l»y  performini;  the  op«TatlonH  as  rapidly  a^  possittle. 

TlHTe  are  f|ev«>ii  .'lO  liv  •'»  fiNit  i«*achinK  tanks,  haviim  niter  Ixtttoms  of 
cucoa  mat  tint:  The  flllini:  <»f  Ihfsc  tanlts  is  don«-  mefhanically.  ami  from 
!h**  pcriph»'ry  towanl  th«'  center,  so  as  to  a\(dd  seurei^atlon  of  co.irs«'  and 
line  material  If  is  important  also  i4»  ha\«>  the  sands  d«'watered  before 
reachim:  th**  tanks,  for  tlo*  same  rea^^on  '  When  the  tanks  are  tilled  mill 
soluiioii  containing  the  proper  am«>Knt  of  sodium  cyanide  is  run  in.  Ah 
rapidix  as  is  consistent  witli  Kofwi  extraction  of  the  values  the  enriched 
!>olutiiin  is  drawn  off  and  s^nt  to  the  trold  storam*  tanks  in  the  precipita- 
tion department.  Thi*  wi'aker  solutioiis  are  sent  to  the  zinc  pr«'»ises  by 
^ii\  of  the  (Yn\%e  \acuuni  system,  and  the  washlnus  itito  the  mill  circuit. 
Aftt-r  leachini:  the  Man«ls  are  tinshe<l  out  Ity  means  of  tire  hose.  Sev«*nty 
per  cent  of  the  total  tonnai:e  oi  ore  consists  <if  sands  and  i'>o  per  ci'nt  of 
slimes. 

The  slinie  treat  tnent  Is  characterl/i-il  by  very  thorouish  atita- 
tion  and  aeration  in  or^ler  to  oxidize  soluble  sulphides.  The  over- 
flow irom  th*'  classifiers  Ki>es  to  a  Tio  by  9  foot  I>orr  tray  thick- 
•  ne r.  The  splcot  product  k<>*>s  to  a  W*  liy  1<^  f(K)t  continuous  nierhan- 
iial-air  atcitator.  and  th**  overflow  back  to  the  (*liilian  mills  a.*« 
tiattery  solutions.  From  the  aKitator  the  pul]»  and  solution  co  to 
three  ;i»»  by  !••  fo«i  se<-ondary  I><irr  thi«keners.  The  overflow  from  these 
»«•'>  (indary  ihii-ken*Ts  pies  to  a  clarlfl*  r  and  thence  to  the  cuM  stor- 
au**  tanks.  Thi>  spiuot  pnxiuct  is  auain  si:bjecled  to  acitatiitn  in  a  ::T  by 
'Z'\  f(M»t  iNirr  continuous  ai:iiator.  (oUoMed  by  threi*  ::«i  liv  1>i  four  intermit- 
tent nieehaiiical  at;ftators  Fmin  the  latter  the  pulp  and  sidutinn  1:0  to 
two  M(M»re  <.tatbinary  sr,  b*af  vacuum  fll(«-rs.  The  filtered  rich  sidutbm 
Koes  to  the  iTold  storam>  tanks  ami  the  ueaktr  s<diitions  to  (he  /.inc  dust 
presse>.  iir  to  th"  mill  circuit  Ther**  is  thu>  a  rath«r  c(»niplt(':ired  alter- 
naMitn  of  thickeners  ami  ai:ltators.  but  it  is  iiecessar>  in  nrdiT  tit  m*r  th«* 
best  re:<ult>.  In  both  the  sand  tanks  and  the  slime  treatment  tanks  quick 
rhan^:*-  of  sidution  is  e>hential  All  of  the  oper.iMons  must  1:0  forward 
as  rapidly  as  possibbv  This.  k*\  cour^«*.  means  that  at  no  putnt  in  the 
flow  shee!  can  there  be  a  fallitii:  ofT  in  eftici«>ncy  witlneit  seriicisly  inti-r- 
ferlni:  with  t)ie  wurk  of  the  plant  as  a  whtd**  Insufflcp-nt  r«»a*>tiiii:  is  a 
fruitful  source  of  troubb-.  e\i'n  when  it  involve**  but  a  Muall  proportiim 
of  tlie  total  tonnai:e  of  ore.  It  tneaiis  a  lower  r«-co\»*ry  uf  uold.  incre.i'^ed 
cyanidf  consumt»ti<m.  ami  a  L'r>ater  ilepoHition  of  calcium  sulph.iN*  Lime 
is  added  to  th**  solutions  r<i  maintain  the  prop*  r  amount  of  alkalinit>.  al- 
though (his  soint'tiine.s  can  b«*  ouiitteil  in  th**  cas**  of  th**  hi^h  liin*-  cla^s 
II  ores  l*r*-cipitation  of  th**  cold  from  the  richer  folutionx  from  both 
the  hand  and  slim**  tri-atm*  nt  tanks  is  performeil  in  /inc  bnxe>i  by  nuans 
of  /inc  shavings.  Th**  weaker  si»iutions  ar**  pri-cipiiati-d  liv  intan<»  of 
zinc  dust  in  presses.     Th*>  Crow**  syHtetn  is  used  to  d*'oxidl/e  all  Mdutlons 


mines  wa»  In  rtan^ftr  of  stopping  all  work  a.  "oliclon  was  demanded.  By 
the  cor-ihinftd  elToris  of  a  ereat  •:nidn'?er^I>avid  W  Brunton^  and  a  ereal 
fexeciitive — A.  f:.  Carlf.on— hacked  by  the  Bnarcial  regoarcea  of  the  dis- 
trict, tbf  Rooaevelr  Draina-'e  Tunnel  aa?  t.uilt,  the  district  iinwatered. 
costs  of  mining  r'-diired,  and  the  camp  eiven  a  ne^  lerrn  of  life. 

In  the  piidanfre  of  exploratory  work,  in  nnderatandlng  of  the  ore  de- 
I>oHlri.,  and  In  'he  zeoloef<^al  survey  of  the  district  the  problems  were 
■■onby  of  the  caref'il  sti;dy  of  a  crea^  "-^losist^Waldeinar  Lindsren.  In 
the  treatment  of  ihe  Ioje  ^rade  ori^s  the  prohi-^ms  haie  been  comp!*"!  but 
bare  he^n  solved  by  i^r'^t  metal lurciats — Thomas  B.  Crowe  and  L*  A. 
Blomfleld.  All  In  all,  Cripple  CreeJc  is  a  ?rsat  district:  it  has  had  great 
problems,  solved  by  er^at  rcen.     It  ta^.  al=o.  been  a  sreat  producer  of 

To  the  pessimist  nho  =*e3  on!y  'ha  past  the  camp  will  not  retain  its 
position.  However,  to  the  intellisent  OT'timist.  wrho  Judees  the  {'iture  by 
the  past,  tbe  camp  will  not  only  reaain  it.s  former  prestize  bet  surpass  It. 
Tii'i  Ereat  needs  of  rh':  camp  are  many  In:  the  foUowjna  are  of  the  crreat- 
est  Importance; 

1.     r.ower  cost  of  suprli-?*  an.l  of  op-^ra-lcn. 

::.     More  skilled  miner::  ^h..   '^-i'A  'ak-?  ! 

3.     Development   work   at   ;1:-  lO'^   ■■?vfl;. 

The   first   of  these  d-'p' r  ^  ■  ■'■    -■-■r:?.'.    ■   :fl:i;^:!;   conditions.     The 

second  and  third  d-^penii  ■)['•■'-.-  •   -"  .:::i'.  ::i;-h     To  the  impartial, 

conservative   observer,    i;    .l      ■  -    '                -■  -    't~    present    world-wide 

period  of  re-adjustment,  rr^pi"  ■■-■-':■"  r..iir.'ain  Its  cominand' 

Ing  position  but  advaru'.-  ,.  ;•  ""  .--.--  ":ji--yT  -.mportance  and 
interest. 
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The  Oil  Shale  Industry 

BY  VICTOR  C  ALDKRSON. 
President,  Colorado  School  of  MInot. 

THK  DAWN  Recent  years  have  been  filled  with  stirrtng  and  far- 

OF  A  reaching  eventj.  world  wide  in  their  effect,  not  the 

NEW  INDUSTRY     least  of  which  has  been  the  birth  of  a  new  industry. 

with  a  potential  supply  of  raw  material  that  almost 
ielles  mathematical  compntation  and  stAggers  the  imagination.  Can  oil 
wells  produce  enough  petroleum  to  meet  the  enormous  demand  now  ex- 
tetlBg  for  oil  and  its  products?  The  answer  is  doubtfal.  Will  new  on 
lelds  be  dIscoTered  to  meet  the  increased  demand  in  the  future?  The 
SBSwer  is  extremely  doubtful.  Yet  this  is  the  age  of  oil.  Oil  we  must 
tere.  The  supply  must  come  from  our  great  deposits  of  oil  shale.  If  oil 
Is  the  ''king**  then  oil  shale  is  the  "heir  apparent. 


»• 


THE  PRESENT  From  1857  the  toUl  of  the  world  production  of  petro- 
CONDITION  leum  was  e,99€.674.5e3  barrels:   of  this,  the  United 

OP  THE  States  produced  4.252,644,003  barrels.  There  are  now 

raTROLEUM  approximately    250.000   producing   oil   wells    In    the 

INDUSTRY  United  SUtes.    The  average  yield  is  only  four  and 

a  half  barrels  a  day.  Among  the  great  producers  is 
tlie  Burkbumett  pool  in  Texas  that  has  produced  7,000.000  iMirrels  of  oil 
«id  the  Ranger  pool  that  has  produced  12,000.000  barrels.  The  average 
output  in  Wyoming  is  40  barrels  a  day.  The  low  average  for  the  whole 
oooBtry  of  only  four  and  a  half  barrels  a  day  is  caused  by  thousands  of 
woUs  la  the  older  fields  that  produce  less  than  a  quarter  of  a  barrel  a  day. 
Of  tlM  total  number  of  wells  in  the  United  States  four  fifths  do  not  yield 
BMm  than  a  barrel  of  oil  daily. 

The  United  States  Bureau  of  Mines  recently  made  a  report  to  the 
■eeretary  of  the  Treasury  on  the  subject  in  which  it  said: 

**The  United  Sutes  Geological  Survey  makes  the  pessimistic  report 
ttet  our  underground  reserves  are  forty  per  cent  exhausted  and  that  we 
pfobably  are  near  the  peak  of  domestic  production."  says  the  Bureau  of 
Mlaes  report.  "The  consumption  of  petroleum  is  increasing  far  more 
rapidly  than  domestic  production.  During  1918,  39.000,000  barrels  of  oil 
wore  imported  from  foreign  countries  and  27.000,000  barrels  were  with- 
tatWB  ftrom  stocks. 

**Our  future  supply  of  petroleum  must  be  conserved,  and  It  is  there- 
foro  imperative  that  the  United  States  make  every  possible  effort  to  fur- 
ther more  efflcient  conservation  of  our  underground  reserves  of  oil  and 
tte  more  efflcient  utilization  of  petroleum  and  its  products,  because: 

**Plrst— Petroleum  has  become  the  fundamental  basis  of  the  indus- 
trial and  military  life  of  the  nation  in  that  gasoline  has  booome  the 
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whole,  one  matt  not  be  blinded  by  the  enormous  i>rodactlon  of  "inisbert 
nor  be  made  unduly  peMlmistic  over  the  low  avermge  ylold  of  the  quarter 
of  a  million  wells  In  the  United  States.  A  common-sense  view  seems  to 
t>e  that  flrst«  our  supply  of  petroleum  from  wells  Is  not  meeting  the 
country-wide  demand  and  that  the  limit  of  production  Is  approaching; 
second,  the  supply  from  wells  can  be  maintained  only  by  the  dliicovery  of 
new  extensive  pools:  thirdly,  there  Is  little  likelihood  that  new  pools  like 
the  MId-C'ontlnental.  or  California  will  l>e  discovered  because  the  entire 
country  has  already  been  thorou^^hly  explored:  fourthly,  that  the  only 
great  national  reservoir  that  can  be  absolutely  depended  upon  to  supply 
oil  in  our  deposit  of  shale.  This  will  be  the  source  of  our  oil  supply  for 
the  future.  The  total  world  production  of  oil  to  date  stands  at  7  billion 
twrrels  of  oil  with  only  6.74O,O0O,(KK)  barrels  estimated  left  in  the  ground. 

NATURE  OF  Oil  shale  virtually  contains  no  oil  as  such.     It  Is  a 

OIL  SHALE  consolidated  mud  or  clay  deposit  from  which  petro- 

leum Is  obtained  by  distillation.  In  appearance  the 
shale  is  black,  or  brownish-Mack,  but  on  weath<»red  surfaces  it  Is  white 
or  gray.  It  is  usually  flne-grained.  with  some  lime  and  occasionally  sand. 
It  Is  tough  but.  In  thin  sections,  friable.  When  broken  to  a  fresh  surface 
it  may  give  an  odor  like  petroleum.  Thin  rich  pieces  may  bum  with  a 
sooty  flame.  EX  H.  Cunnlngham-Cralg  defines  It  as  follows:  Oil  shale  Is 
an  argillaceous  or  shaly  deposit  from  which  petroleum  may  be  obtained 
by  distillation  but  not  by  trituration  or  treatment  by  solvents. 

Oil  shale  must  be  carefully  distinguished  from  oil  sand.  In  the  oil 
sand  the  oil  Is  contained  In  the  sand  as  oil.  When  the  sand  Is  penetrated 
by  a  well  the  oil  gushes  out  or  Is  pumped  out.  In  the  oil  shale  there  Is 
no  oil  as  such,  but  only  the  uncooked  Ingredients  of  oil.  When  the  shale 
is  subjected  to  destructive  distillation.  I.  e.,  heated  In  a  closed  vessel,  or 
"oooked",  shale  oil  results  as  a  manufactured  product. 

ORIGIN  OF  Oil  shale  Is  one  of  a  long  list  of  natural  deposits 

OIL  SHALE  which  result  from  the  deposition  of  organic  matter 

from  plants  or  animals  of  a  former  geologic  era — 
like  anthracite,  bituminous,  and  brown  coal.  peat,  petroleum,  and  as- 
phaltum.  Beds  of  oil  shale  were  laid  down  In  lagoons,  or  wide  expanses 
of  quiet  water.  They  contain  a  large  amount  of  organic  matter— low 
plant  forms  of  life  like  algae;  also  pollen,  fish  scales.  Insects,  and  re* 
mains  of  animal  and  vegetable  life  sometimes  changed  beyond  recogni- 
tion, although  277  species  of  Insects  have  been  recognised. 

WORLD-WIDE  Besides  the  extensive  deposit  In  Colorado,  oil  shale 

DISTRIBUTION         Is  found  In  Utah,  Wyoming.  Nevada,  Montana  and 
OF  OIL  SHALE        California.     In  Canada  It  Is  found  In  Quebec  New 

Brunswick,  Nova  Scotia,  and  Newfoundland.  In 
Scotland,  near  Edinburgh  and  on  the  Isle  of  Skye.  In  Prance,  at  Autun 
and  Buxlere  lea  Mines.  In  South  Africa,  In  the  Transvaal.  Mozambique, 
and  Natal.  Also  In  New  South  Wales.  New  Zealand.  Tasmania,  Bratll. 
Italy,  Spain,  Austria-Hungary,  Serbia,  and  Turkey. 

THE  OIL  The  oil  shale  beds  of  Scotland  occur  within  a  small 

•HALE  OF  area,  twenty  miles  In  diameter.  In  the  counties  of 

SCOTLAND  West  Lothian.  Mid  Lothian,  and  Lanarkshire.    The 

center  of  the  district  Is  fourteen  miles  west  of  Edin- 
burgh. The  shale  beds  are  simply  very  fine  Impalpable  clay  shale,  brown 
to  black  In  color,  free  from  silica,  easily  cut  with  a  sharp  knife,  and  In 
form  are  plane  or  curly.  The  beds  vary  greatly  In  thickness;  It  Is  not 
uncommon  to  find  a  seam  pinch  out  altogether,  but  another  seam,  above 
or  below  It.  Increases  In  thickness  and  richneas  as  the  first  deterloratea. 
Faolta,  folds,  and  Igneous  Intrusions  are  not  unconimoiL    Mining  la  done 


DESCRIPTION  D.  R.  StflOBrt  In  Economic  Qeologr,  Vol.  3.  1908.  p. 

OP  THE  SCOTCH    674.  describes  brieflr  the  equipment  as  follows:    "In 
OIL  WORKS  a  Scotch  oil  works  there  are  the  great  bencties  of 

shale  retorts  sometlmea  more  than  SO  feet  high,  with 
the  great  stacha  of  numerous  series  of  3-lnch  pipes,  30  or  40  feet  blgh. 
for  air  condensers.  There  Is  the  three-story-bfgh  sniphate  of  ammonia 
house,  with  Its  high  column-stills,  the  acid  saturatora  for  the  ammonia, 
vacuum  or  other  evaporator  for  the  sulphate  from  the  recovered  sulphuric 
acid  of  the  refinery,  centrifugal  driers,  storage  bins  and  grinding  mills. 
In  the  refining  departments  the  stills  are  small  and.  on  account  of  the 
repeated  distillations,  very  numerous;  the  washers  for  vitriol  and  soda 
are  many;  there  are  coolers,  refrigerators.  Alter  and  hydraulic  plate 
presses  (or  the  separation  of  the  heavy  oil  and  solid  paraflln;  great  sweat- 
ing bouses  for  the  paraffin  refining;  candle  works;  sulphuric  acid  plants; 
acid  recovery  plant;  enElneer'g,  Joiner's  and  plumber's  shops — a  verT 
large  and  varied  collection  of  apparatus  covering  much  ground,  ao  that 
for  a  comparatively  small  production  there  Is  a  very  large  and  expensive 
plant.     A  conspicuous  feature  of  oil  works  is  the  great  hills  of  spent 

As  far  as  our  present  knowledge  ertends  It  is  evident  that  Canada 
is  not  so  well  supplied  with  oil  fields  as  the  tinlted  States.  For  this 
reason  tbe  oil  shale  Industry  may  make  rapid  advancement  there,  since 
large  beds  of  shale,  rich  la  oil,  are  known  to  exist  within  the  Dominion. 
The  Geological  Survey  and  the  Bureau  of  Mines  of  the  Dominion  have 
already  given  considerable  attention.  In  examinations  and  reports,  to 
tbese  deposits. 
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NEW  The  oil  thale*  of  New  Braniwlck  ere  located  in  three 

BRUNSWICK  areas— the  Taylonrille.  Albinrt  tntnee.  and  Baltimore. 

8HALE8  In  TaylorvlUe  are  four  beds  of  shale  of  good  quality: 

one  Ave  feet,  one  three  feet,  and  two.  one  foot  ten 
Inches  thick.  In  Albert  Mines  are  six  beds  of  the  following  thickness 
(the  most  Important  In  New  Brunswick):  6.5  feet:  3.5  feet;  5  feet;  4.5 
feet:  6  feet;  and  one  with  thin  beds  of  oil  shale.  In  Baltimore  are  four 
t>eds,  4  feet.  5  feet.  7  feet  and  6  feet  thick,  respectively. 

NEWFOUNDLAND  The  oil  shales  of  Newfoundland  cover  an  area  of 

about  750  square  miles.  The  largest  deposit  lies  be- 
tween the  head  of  White  Bay  and  Deer  and  Grand  Lakes,  and  varies  from 
50  to  100  feet  In  thickness.  The  dip  of  the  strata  Is  slight  and  the  out- 
cropplngs  are  bold.  An  analysis  of  typical  shale  gave  50  gallons  of  crude 
oil  and  80  pounds  of  ammonium  sulphate  a  ton.  The  Newfoundland  shales 
have  great  prospective  value. 

FRANCE  Second  only  to  the  oil  shale  Industry  of  Scotland 

ranks  the  French,  which  dates  from  1830.  After 
many  years  of  successful  operation  It  suffered  from  competition  with  oil 
wells  until  the  French  government  In  1890  offered  a  premium  for  the  pro* 
ductlon  of  oil  from  shale.  This  bonus,  together  with  the  adoption  of  e(B- 
dent  Scottish  methods  of  treatment,  revived  the  Industry.  The  shales 
occur  at  depths  from  150  to  800  feet.  Five  companies  are  now  In  opera- 
tlon  on  the  shales  of  Autun  and  Buxlere  les  Mines,  where  the  shales  pro- 
duce 50  gallons  of  oil  a  ton. 

AUSTRALIA  Larse  ontcrope  of  rich  oil  shales  occur  In  the  gorges 

of  the  Blue  Mountains,  New  South  Wales.  Fossils 
are  found  In  the  lower  shale  measures.  These  shales  are  reported  to  give 
100  gallons  of  oil  and  70  pounds  of  ammonium  sulphate  a  ton:  The  gov* 
emment  has  established  a  system  of  bonuses,  for  the  production  of  oil, 
which  afe  expected  to  Increase  the  present  annual  production  from 
3.000.000  to  more  than  20.000.000  gallons.  There  are  two  British-Austral- 
ian companies  In  the  field — the  Commonwealth  Oil  Corporation,  capital 
$6,000,000,  operating  at  Newn^^s.  and  the  British- Australian  Oil  Co..  capital 
11,460,000,  operating  at  TemI  In  the  Liverpool  range.  From  1865  to  1916, 
1.751.367  tons  of  oil  shale  have  been  produced  of  a  total  value  of 
$11,606,671. 

TRANSVAAL  Oil  shale  Is  found  In  two  districts— the  Ermelo  and 

the  Wakkerstroom.  fifty  miles  apart.  Although  these 
two  deposits  may  prove  to  be  one  continuous  bed.  yet  there  Is  no  evidence 
to  t^iat  effect  at  the  present  time.  In  each  case  the  shale  Is  associated 
with  a  seam  of  coal.  The  Ermelo  shales  have  produced  from  30  to  34 
gallons  of  crude  oil  a  ton.  The  Wakkerstroom  shale  has  yielded  as  much 
as  90  gallons  a  ton.  but  the  shale  Is  only  9  Inches  thick. 

BRAZIL  Oil  shales  are  exposed  at  many  places  on  the  coast 

of  Brazil.  They  have  t>een  examined  by  Professor 
John  C.  Branner.  of  Leland  Stanford  Jr.  University,  and  their  composition 
determined  by  Sir  Boverton  Redwood,  of  London.  The  richest  yielded 
44.73  gallons  of  crude  oil  and  19.58  gallons  of  ammonlacal  water  to  the 
ton.    The  deposits  have  not  K>een  worked  commercially. 


The  Oil  Shales  of  Colorado 

OKOLOQICAL  The  oil  shales  of  Colorado  belong  In  the  Green  River 

POSITION  (Focenei   formation.     Elsewhere  they  are  found  in 

the   Cretaceous.    Devonian,   and   CartKmiferoaa.     In 
r«eent  geologic  time  this  oil  shale  region  of  Colorado  was  an  ezteaalTe 
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tween  the  tea  kettle  and  a  great  central  power  plant.  Also  ehalet  vary 
to  ■och  an  extent  that  each  depoelt  should  be  tested  In  a  careful,  tclen- 
tlflc  manner,  just  as  large  bodies  of  low  grade  copper  ore  are  tested  and 
suitable  treatment  plants  erected.  As  In  handling  low  grade  ores,  the 
large  profits  from  oil  shale  will  be  made  by  handling  a  great  tonnage  at 
a  low  cost  to  the  ton. 

DISTRIBUTION  In  northwestern  Colorado  and  northeastern  I^tah 
OF  OIL  8HALE  the  oil  shale  deposits  underlie  an  area  of  spproxl- 
DEPOSITS  IN  mately  5.500  square  miles.     In  Colorado  they  occur 

COLORADO  chiefly   In   Garfield.   Rio   Blanco.   Mesa,  and    Moffat 

counties,  and  cover  2.500  square  miles.  The  towns 
of  Grand  Valley  and  De  Beque.  on  the  line  of  the  Denver  k  Rio  (Jrande 
railroad,  are  the  points  of  entrance. 

THE  DE  BEQUE  The  exposed  shales  of  the  De  Beque  district  lie 
DISTRICT  northeast,  north  and  northwest  of  the  town,  on  both 

banks  of  Roan  Creek,  Its  largest  tributaries.  Conn. 
Kimball,  and  Dry  Fork  creeks,  and  on  all  of  Its  smaller  tributaries. 

THE  GRAND  In  the  Parachute  region  of  the  Grand  Valley  district 

VALLEY  Is  a  well  defined  rich  oil  shale  stratum— twelve  to 

DISTRICT  twenty  feet  thick— that  Is  exposed  on  both  banks  of 

Parachute  Creek  and  all  Its  tributaries  almost  con- 
tinuously for  a*total  distance  of  sixty-nine  miles.  Many  tests  show  that  It 
will  yield  an  average  of  at  least  forty-two  gallons  of  oil  to  the  ton.  Assum- 
ing that  this  stratum  extends  only  a  mile  and  a  quarier  back  from  the 
line  of  exposure — a  conservative  estimate — the  area  of  this  stratum  is  at 
least  65.000  acres.  This  estimate  does  not  include  the  shale  exposed  on 
Battlement  Mesa  east  and  southeast  of  Grand  Valley.  Using  the  mini- 
mum thickness  of  twelve  feet,  allowing  25  per  cent  of  the  volume  to  be 
left  as  pillars,  and  counting  only  on  foriy-two  gallons  to  the  ton.  this  de- 
posit would  contain  1.012.500.000  barrels  of  crude  oil.  A  measure  of  the 
Interest  and  activity  In  the  oil  shale  industry  can  be  realized  from  the 
fact  that  since  June.  1916.  there  have  been  more  than  1.500  filings  on  oil 
shale  land  in  Garfield  County.  On  December  1<>.  1916.  the  Ignited  States 
Government  withdrew  45.440  acres  of  shale  Isnd  in  the  Grand  Valley  dis- 
trict as  a  source  of  supply  for  the  use  of  the  United  States  navy. 

LOCATION  OF  The  statute  of  1897  says:  "Any  person  authorised 
OIL  SHALE  to  onter  lands  under  the  mining  laws  of  the  United 

CLAIMS  States  may  enter  and  obtain  patent  to  lands  con- 

taining petroleum  or  other  mineral  oils,  and  chiefly 
valuable  therefor,  under  the  provisions  of  the  laws  relating  to  placer  min- 
eral claims.'* 

The  location  of  oil  lands  as  placers  was  general  until  1896.  when  the 
Secretsry  of  the  Interior  ruled  adversely.  Thereupon  Congress,  in  1R97. 
passed  a  law  re-establishing  the  former  practice.  The  higher  couris  as 
yet  have  had  no  opportunity  to  pass  upon  the  validity  of  title  to  oil  shale 
land  located  under  the  placer  law. 

The  well  known  case  of  Webb  vs.  The  American  Asphaltum  Co.  fur- 
nishes the  nearest  parallel  case.  In  the  Circuit  Court  of  Appeals.  Rlchth 
District,  it  was  held  that  asphaltum.  mhen  it  is  in  solid  form  and  is  found 
as  a  vein  or  lode,  should  be  located  as  a  lode.  At  the  present  time  no 
court  decision  has  been  rendered  which  involves  speciflcally  the  point 
as  to  how  oil  shale  lands  shall  be  located:  that  is.  whether  as  lode  or  as 
placer.  It  would  seom.  however,  that  from  tho  peculiar  formation  of  oil 
shale  deposits  they  should  be  located  as  placers.  As  generally  found  in 
Colorado  these  deposits  are  virtually  horizontal  and  cannot  be  said  to 
have  apexen  within  the  sense  that  miners  and  the  Mining  Act  of  1872  con- 
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•nong h  gms  to  be  dangerous  In  the  tliale  iUolf.  There  it.  howerer.  a  con* 
■iderable  amount  of  inflammable  gas  In  the  underlying  strata  as  shown 
bjT  numerous  gas  wells  at  De  Beque  and  elsewhere.  It  Is  quite  possible 
that  this  gas  will  find  its  way  into  the  shale  through  cracks  or  minute 
Assures  in  the  underlying  rocks.  If,  in  the  course  of  mining,  one  of  these 
fissures  Is  tapped,  the  gas.  being  under  pressure,  will  escape  Into  the  * 
mine,  form  an  explosive  mixture  with  the  air.  and.  If  it  comes  in  contact 
with  an  open  flame  or  spark,  an  explosion  will  result.  To  guard  against 
this  it  will  be  necessary,  after  shots  are  flred.  to  have  the  mine  inspected 
by  a  qualified  fire  boss  before  the  other  employees  are  allowed  to  enter  it. 

Another  source  of  danger,  and  one  that  is  certain  to  be  present,  is  the 
dust.  Mining  operations  of  any  sort  are  conducive  to  the  formation  of 
large  quantities  of  fine  dust  which  collects  on  the  fioors  and  irregularities 
of  the  walls  of  the  workings.  Shale  dust  is  highly  inflammable  and  like 
coal  dust,  flour  dust,  or  the  dust  of  any  other  combustible  substances,  will, 
under  certain  conditions,  form  a  dangerously  explosive  mixture  with  air. 
The  inflammability  of  shale  dust  may  be  shown  by  letting  a  hand  full  of 
it  trickle  through  a  hot  flame.  The  particles  will  ignite  and  give  the 
effect  of  a  miniature  Roman  candle.  This  explosive  mixture  may  be  Ig- 
nited by  the  open  flame  of  a  miner's  lamp  or  by  the  blasts  of  the  explos- 
ives used  to  break  down  the  shale.  Coal  dust  is  rendered  innocuous  by 
humidity  which  renders  It  plastic  and  prevents  Its  being  held  in  suspen- 
sion in  the  mine  atmosphere.  The  necessary  moisture  is  supplied  either 
by  the  direct  use  of  water,  applied  with  a  sprinkler,  or  by  steam.  In  the 
latter  case,  in  cold  weatber.  the  steam  is  used  to  raise  the  cold  air  enter- 
ing tbe  mine  to  mine  temperature  by  means  of  radiators,  and  Is  then 
turned  into  the  air  to  give  It  the  desired  humidity.  Where  it  Is  not  prac- 
ticable to  use  steam  or  water,  coal  dust  is  mixed  with  stone  or  adobe 
dust  so  that  there  Is  at  least  65  per  cent  of  the  latter  present  in  the  mine 
dust,  under  which  conditions  it  will  not  form  explosive  mixtures  with  the 
air.  It  seems  probable  that  the  latter  method  will  have  to  be  used  in 
shale  mining  as  indications  are  that  shale  dust  does  not  easily  combine 
with  water.  It  will  require  lari^er  quantities  of  explosive  to  break  the 
shale  than  are  used  In  coal  mining  and  the  blasting  will  raise  its  tem- 
perature materially.  It  Is  very  probable  that  the  heat  generated  in  blast- 
ing will  be  Bufllcient  to  cause  a  slight  distillation  of  the  lighter  and  more 
dangerous  inflammable  gases  from  the  hydrocarbons  in  the  shale.  To  re- 
move such  gases,  as  well  as  the  smoke  and  gases  from  the  blasting,  will 
require  an  adequate  and  reliable  supply  of  air,  properly  conducted  to  the 
working  faces.  With  the  at)ove  described  conditions  to  be  met.  It  will  l>e 
necessary  in  order  to  secure  reasonable  safety,  to  have  all  blasting  done 
by  a  properly  qualifled  shot  flrer  after  the  other  employees  have  left  the 
mine,  to  use  only  permissible  explosives,  to  use  only  electric  lamps  under- 
ground, and  to  have  a  mine  foreman  who  holds  a  first  class  certificate 
from  the  Coal  Mining  Department.  Many  of  the  other  coal  mining  laws 
are  applicable  to  shale  mining  and  must  be  observed  by  the  operators  of 
oil  shale  mines,  as  well  as  the  general  laws  relating  to  all  classes  of  min- 
ing. Copies  of  the  Federal  and  Sute  Mining  Laws  and  of  the  Colorado 
Coal  Mining  I^ws  may  be  obtained  from  the  State  Bureau  of  Mines.  Den- 
ver, for  5u  cents  and  10  cents  respectively.  All  of  the  laws  and  regula- 
tions are  intended  to  help  the  operators  in  making  their  properties  safe 
and  the  Bureau  of  Mines  Is  always  ready  and  willing  to  assist  operators 
in  any  possible  way. 
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obtained  by  mnalyvU  and  distillation  of  twentj-two  differont  tamplot  of 
enido  tbale  oil. 

Specific  AT«r* 

Oravltr  Minimum       age  Maximum 

Initial  bolUnR  point 60*  C        65«  C  W  C 

Gasoline,  to  160*  C 750-  .860  5%          11.7%  18% 

Kerosem*.  to  300*C 820- .900  25<>^          38%  62% 

Heavy  oil.  residue 900-1.02  30%          46%  63% 

l*nssturst€Hl  bjdrocarbons  In  kerosene....  60%          63%  76% 

Unsaturated  hydrocarbons  in  crude  shale  oil  70%          80%  90  X 

Asphalt  in  crude  shale  oil .36%       2.6%        4.6% 

Paraffin  In  crude  shale  oil 1.00%       6.0%  9  6% 

Sulphur  in  crude  shale  oil .3*^           .76%      1.6% 

Nitrogen  In  crude  shale  oil .76%       1.2  "^T        2.2% 


The  Production  of  Shale  Oil 

JOHN  C.  WILLIAMS. 

Assistant  Directory  Department  of  Metallurgleal  Rssearoh,  Colorado 

School  of  Mines. 

DISTILLATION         To  obtain  an  insight  Into  the  nature  and  properties 

of  shale  oil.  the  manner  of  Its  production  should 
first  be  studied.  At  the  outset.  It  must  be  remembered  that  oil  shale,  the 
raw  material,  contains  no  oil  as  such,  but  that  the  oil  is  obtained  throagh 
the  dry  distillation  of  the  bitumen  in  the  shale.  There  are  here  intro- 
duced two  words  that  require  definition — distillation  and  bitumen.  It  is 
unfortunate  that  a  word  like  bitumen,  used  so  often,  has  no  precise  defi- 
nition. It  Is  defined  in  Webster  as  follows:  "Orlff..  mineral  pitch,  or 
asphalt.  By  extension,  any  of  a  number  o)  Infiammable  mineral  sub- 
stances consisting  mainly  of  hydrocarbons,  and  Including  the  hard,  solid, 
brittle  varieties  called  asphalt,  the  semisolid  maltha  and  mineral  tars. 
the  oily  petroleum,  and  even  light  volatile  naphthas  '*  Scheithauer  states 
that  the  most  comprehensive  definition  of  bitumen  Is,  "The  substances 
which  furnish  tar  when  subjected  to  dry  distillation.'*  Distillation  is  a 
generic  term  for  a  class  of  chemical  operations,  which  are  similar  In 
that  the  substance  operated  upon  Is  heated  in  a  closed  vessel,  ususlly 
known  as  the  "retort"  or  "stlU",  and  thereby  wholly  or  partially  con- 
verted into  vapor.  This  vapor  is  then  condensed  by  the  application  of 
cold  in  another  apparatus— condenser — connected  with  the  vessel,  and 
allowed  to  collect  In  a  third  portion  of  the  apparatus,  called  the  "re- 
ceiver". Distillations  may  be  divided  into  two  classes:  first,  those  which 
are*  and  those  which  are  not  accompanied  by  chemical  chances.  The 
word  "distillation"  in  a  narrower  sense.  Is  generally  understood  to  spply 
to  the  second  class  only.  The  first  might  be  called  destructive  distilla- 
tion" if  it  were  not  customary  to  reserve  this  term  for  the  particular  case 
In  which  the  substance  operated  on  consists  of  vegetable  or  animal  mat- 
ter which  Is  being  decomposed  by  the  application  of  heat  alone.  1.  e..  with- 
out the  aid  of  reagents.  An  infinite  variety  of  products  is  invariably 
formed,  which,  however,  always  readily  divide  Into  three:  first,  a  non- 
volatile residue  consisting  of  mineral  matter  and  elementary  carbon:  sec- 
ond, a  part  condensible  at  ordinary  temperatures  which  always  readily 
separates  into  two  distinct  layers,  viz.,  (a)  an  aqueous  portion  (ammonia 
liquor)  and  (b)  a  semi-fiuld,  tarry  or  resinous  portion  (oil);  and  (c)  a 
gaseous  portion.  The  ammonia  liquor  product  is  the  one  of  all  the  four 
products,  of  which  the  qualitative  composition  is  most  directly  dependent 
upon  the  nature  of  the  material  distilled.  In  the  case  of  wood  It  has  an 
add  reaction,  from  the  presence  Is  It  of  acetic  add.    la  the  case  of  coaL 
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It  is  alkaline,  from  ammonia  present  as  a  carbonate,  sulphide,  stilphocr- 
anide.  and  in  other  forms.  The  oil  or  tar  Is  a  complex  mixture  of  carbon 
compounds,  all  combustible,  but.  althouich  all  directly  derived  from  a 
vapor,  not  by  any  means  ail  of  them  volatile.  The  quantity  and  quality 
of  the  oil  naturally  depend  on  the  kind  of  material  used,  but  more  on  the 
mode  in  which  the  distillation  is  conducted.  Thus,  for  Instance,  a  coal 
tar  produced  at  a  low  temperature  contains  a  considerable  percentage 
of  paraffins.  If.  on  the  other  hand,  the  distillation  is  conducted  at  a  hlich 
temperature,  the  paraffins  are  almost  entirely  absent,  but  the  proportion 
of  benzols  Increases  considerably. 

In  the  course  of  his  classical  Investigation  on  the  tar  produced  in 
the  dry  distillation  of  wood.  Relchenbach.  In  1830.  discovered  In  it. 
amonR  other  thlnfCR.  a  colorless,  wax-like  solid  which  he  called  paraffin 
because  he  found  It  to  be  endowed  with  an  extraordinary  Indifference  to- 
wards all  reagents.  A  few  years  later  he  Isolated  from  the  same  mate- 
rial a  liquid  oil  chemically  similar  to  paraffin,  which  he  calkMl  euplon 
(v«*ry  fat).  For  many  years  both  these  liodles  were  knom'n  only  as  chemi- 
cal curiosities.  This  was  natural  enough  as  far  as  paraffin  was  concerned, 
but  it  Is  rather  singular  that  ii  took  so  long  before  it  was  realized  that 
eupton.  or  something  very  much  like  it.  forms  the  body  of  petroleum 
which  had  been  known,  ever  since  the  time  of  Herodotus  at  least,  to  well 
up  abundantly  from  the  earth  in  certain  places.  Though  extensively 
known  it  was  used  only  as  an  external  medicinal  agent,  until  James 
Yo'ing  conceivtM  the  idea  of  m'orklng  a  comparatively  scanty  oil  spring  In 
Herbyshtre.  and  subsequently  found  that  an  oil  similar  to  petroleum  is 
obtained  by  the  dry  distillation  of  cannel  coal  and  similar  materials  at 
low  temperatures.  Generally  speaking,  a  hydrocarl>on  is  the  more  vola- 
tile the  less  the  number  of  carbon  atoms  and  the  greater  the  number  of 
hydrogen  atoms  in  the  molecule.  All  hydrocarbons  are  similar  in  this — 
they  are  practically  insoluble.  In  general.  In  alcohol  and  ether.  They 
are  all  combustible  and  the  more  readily  volatile  ones  are  Inflammable. 

RETORTS  In  obtaining  oil  from  bituminous  materials,  the  main 

object  is  to  prevent  the  decomposition  from  proceed- 
ing further  than  Is  necessary  to  furnish  oil  as  the  principal  product  and 
to  prevent  the  oil  so  formed  from  decomposition.  The  most  Important 
point  is  the  heating  of  the  retorts.  The  proi>er  temperature  for  any  given 
form  of  retort  should  be  determined.  If  the  temperature  be  too  high,  the 
oil  vapors  will  be  decomposed,  a  greater  yield  of  gas  will  be  obtained, 
and  some  of  the  solid  hydrocarbons  will  l>e  converted  into  volatile  sub- 
stances rich  In  aromatic  compounds  like  benzol  and  Its  homologues.  naph- 
thalene and  others.  The  gases  will  contain  free  hydrogen  and  light  hydro- 
carbons. On  the  other  hand,  if  the  temperature  be  too  low.  the  bitumen 
is  not  decomposed  but  is  carried  over  with  the  vapors.  In  this  case,  the 
liquid  and  solid  products  are  free  from  aromatic  hydrocarl>on8  and  con- 
sist of  hydrocarbons  of  the  fatty  series— the  higher  homologues  of  me- 
thane and  ethane— while  the  gases  consist  of  heavy  hydrocarbons,  like 
ethylene  and  acetylene.  The  residue  Is  richer  in  carbon.  Next  in  Im- 
portance Is  the  manner  in  which  the  heat  Is  applied.  It  is  imperative 
that  all  of  the  raw  material  be  exposed  to  a  heat  which  Is  uniform  or 
constant  at  the  different  stages  of  the  operation.  Retorts  should  be  so 
constructed  that  the  material  is  heated  gently  at  first  and  the  temperature 
raised  gradually  until  finally  all  the  bitumen  has  been  decomposed  and 
oonTerted  into  oil.  At  the  beginning  of  the  Industry  In  Scotland,  horl- 
xontal  retorts  were  used,  but  were  soon  supplanted  by  the  vertical  type. 
In  form  the  horizontal  retorts  were  of  oval,  or  rectangular  shape  made 
of  cast  iron:  at  one  end  was  a  door  and  at  the  other  a  pipe  for  the  re- 
moval of  vapor  to  the  condenser  plant.  The  material  was  charged  and 
discharged  through  the  door,  so  that  the  operation  of  the  retort  was  inter- 
mltmt.    To  secure  a  continuously  working  retort,  the  vertical  type  was 
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rfrawn  out  of  the  retorts  by  eihaost  fans  and  led  to  the  coodensinit  plant. 
The  condenser  constats  of  a  system  of  cast  Iron  tubes.  In  the  larice  planta 
the  diameter  of  the  tubes  Is  two  feet  to  start  with  and  decreases  to 
smaller  sixes.  In  other  plants,  smaller  diameters,  usually  about  four 
Inches,  are  used.  The  size  depends  upon  the  number  of  retorts.  Air  Is 
used  as  a  cooling  medium. 

8HALE  OIL  According  to  Schelthauer,  distillation  oils  consist  of 

liquid  and  solid  hydrocarbons  of  the  fatty  series 
associated  with  small  quantities  of  aromatic,  acid,  and  basic  (nitrogen- 
ous) substances.  Oxygen  compounds  (alcohols  and  esters),  sulphur  com- 
pounds, and  aldehydes  have  also  been  detected  In  the  oils.  The  hydro- 
carbons are  both  saturated  and  unsaturated.  Small  amounts  of  napthenes 
are  also  present.  The  oil  produced  by  dlslUlatlon  at  a  low  temperature 
will  not  contain  many  of  the  aromatic  compounds.  On  the  other  hand, 
if  the  temperature  be  too  high,  decomposition  of  the  hydrocarbons  is  In- 
duced and  results  In  the  formation  of  the  aromatic  compounds,  notably 
t>enzol.  Naphthalene,  phenol,  and  cresols  are  usually  present  together 
with  pyridin  and  quinolin  bases.  Sulphur  compounds,  which  sometimes 
give  a  garllc-like  odor  to  shale  oil,  are  also  present.  The  shale  oil  pro- 
duced in  Scotland  is  brownish-red  In  color,  with  a  dark  green  fluores- 
cence. Its  specific  gravity  Is  from  0.860  to  0.900,  and  In  some  cases 
slightly  more  than  the  latter  figure.  The  melting  point  lies  between  20^ 
and  30^  C.    The  constituents  boll  at  80"  to  400°  C. 

AMMONIA  Ammonia  liquor,  which  was  formerly  regarded  as  a 

LIQUOR  nuisance*,  has  meant.  In  many  cases,  the  dlfTerenco 

between  success  and  failure  in  the  Scottish  treat- 
ment planu.  Until  1M65.  the  ammonia  liquor  which  forms  a  large 
portion  of  the  total  distillate,  was  thrown  away.  Robert  Bell,  of 
Broxburn,  is  given  credit  for  being  the  first  to  treat  the  water  for 
the  production  of  ammonium  sulphate.  Of  the  Scottish  shales,  those 
which  produced  small  amounts  of  oil  were  generally  those  which 
produced  the  largest  yield  of  ammonium  sulphate.  From  prelimi- 
nary examination  of  the  shales  of  Colorado  and  other  western  states, 
the  yield  of  ammonium  sulphate  from  these  sources  Is  Independent 
of  the  yield  of  oil.  In  producing  ammonium  sulphate  from  the  liquor, 
the  procedure  is  similar  to  that  followed  in  gas  works.  The  meth- 
ods and  apparatus  devisiKl  by  Beilby  and  Henderson  are  the  most  satis- 
factory. In  the  tower  still  of  Beilby,  the  ammonia  Is  expelled  by  raising 
the  liquor  to  the  boiling  i>oint  by  means  of  direct  steam.  The  Henderson 
still  effects  the  same  purpose,  but  with  a  smaller  amount  of  steam.  The 
ammonical  vapors  are  then  conducted  Into  what  Is  known  as  the  cracker 
box,  which  Is  a  vessel  containing  sulphuric  acid.  As  the  absorption  Is 
usually  not  complete  In  the  first  l>ox.  the  vapors  are  passed  over  Into  a 
second.  The  acid  tised  in  the  fifHt  box  is  usually  waste,  recovered  from 
different  steps  in  the  refining  of  the  oil.  The  second  box  contains  acid 
of  14  specific  gravity,  m-hich  Insures  complete  conversion.  The  first  crys- 
tals of  ammonium  sulphate  are  large  and  may  be  dried  by  spreading  In  a 
suitable  room;  the  smaller  crystals  are  dried  by  means  of  centrifugal 
machines.    The  salt  obtained  is  pure  enough  to  be  used  as  a  fertilizer. 

QAS  (^as   results  from  the   uncondensed   portions  of  the 

vapors.  Its  composition  varies  mith  the  nature  of 
the  material  retorted,  the  design  of  the  retort,  the  temperature  of  distil- 
lation, and  the  eflSclency  and  nature  of  condensers.    An  Idea  of  Its  na- 
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tbAn  a  ton  of  coal,  and  aa  coal  In  place  In  the  Rroiind  nellii  at  from  three 
to  ten  cents  a  ton.  thon  oil  shales  are  certainly  worth  as  much  or  more 
per  ton  and  at  a  valuation  of  but  one  cent  per  ton  or  one  cent  per  barrel 
of  oil.  they  are  worth  |500  an  acre,  while  a  fair  valuation  of  but  ten 
cents  a  l>arr«*l  for  "oil  In  place**  would  make  the  lands  worth  $5,000  an 
aero. 

THE  The    shales    In   Colorado.    Utah   and    Wyominjc  are 

GREEN  RIVER  found  In  the  middle  member  of  the  Green  River  for- 

FORMATION  niatlon    alonic    the    (?reen    River.    In    Wyomlnic   and 

south  into  Utah  and  along  the  White  and  Grand 
Rivers  and  their  tributaries  in  Colorado,  and  are  available  along  the  Den- 
ver it  RIo  Grande  Railroad  through  the  Grand  River  valley.  These 
nt reams  have  cut  through  from  the  Rook  clifTs  and  eroded  deep  valleys 
and  have  left  the  shales  exposed  In  great  open  faces  lying  from  200  to 
l.miO  feet  at>ove  the  valley  floors,  giving  the  easiest  means  of  mining  the 
shales  and  using  gravity  to  deliver  them  to  the  retorts  below  the  mines, 
thus  making  cheap  mining  costs.  In  many  places  thousands  of  tons  may 
t>e  blasted  from  the  cliff  sidrs  or  quarried  from  open  cuts.  uiClng  steam 
shovels  and  tramways  to  d<*liver  them  to  the  storage  bin  or  direct  to  the 
n*ductlon  works. 

GRAND  VALLEY  These  two  points  and  the  valleys  tributary  thereto 
AND  offer  the  best  |K>Rsible  opening  for  the  Industry  In 

DE   BEQUE  Colorado  and  owing  to  the  Immense  and  rich  beds 

at  th<*se  points  It  Is  doubtful  If  any  other  points  can 
rival  them  for  years.  Here  are  uniform,  rich  strata  from  ton  up  to  fifty 
feet  thick  of  massive,  brown  curly  shale  that  produce  from  40  up  to  90 
gallons  of  oil  to  the  ton  and  hundreds  of  testn  show  an  average  of  50  to 
fin  gallons  to  the  ton.  while  there  are  from  300  to  l.(M>o  feet  of  shales  good 
for  2h  to  .'^5  gallons  to  the  ton.  There  are  also  strata  2^  to  40  thick  of 
paper  shales  that  mine  easier  than  the  massive  shales  and  have  an  oil 
content  of  40  to  So  gallonp  to  the  ton.  This  oil  Is  high  In  gasoline  and 
lubricating  oils  and  averages  from  15  to  30  per  cent  gasoline  and  from 
30  to  fiO  per  cent  of  lubricating  oils  according  to  the  method  of  reflnlng. 
and  by  cracking  processes  may  prodtice  up  to  6it  per  cent  gasoline.  It 
contains  from  1.5  to  2  per  cent  of  high  melting  point  paraffin  wax.  while 
the  asphalt Ic  residue  left  from  refining  the  oils,  of  from  four  to  eight 
gallons  to  the  ton.  Is  similar  to  the  elaterlte  and  gilsonlte  that  Is  mined 
in  the  rintah  basin  and  Is  of  more  value  than  ordinary  asphalt  and  sells 
at  $40  to  $60  a  ton.  It  contains  much  valuable  dye  stuff  and  rare  chemi- 
cals. It  Is  used  for  paints,  varnishes,  waterproofing,  roofings,  floorings, 
and  as  a  substitute  for  rubber  In  auto  tires.  t>eltlng.  and  matting.  To 
test  this  district  we  took  many  fleld  tests  and  checked  these  by  taking 
seven  samples  as  cross  cuts  on  the  principal  vein  of  the  valley,  of  alK>at 
1.000  pounds  In  each  sample  from  which  four  hundred  pounds  average 
sample  was  run  through  the  retorts.  These  samples  wore  taken  from 
half  a  mile  to  three  miles  apart  and  safely  represent  an  average  of  the 
brown,  massive  shale  of  Parachute  Creek.  Th«*  average  of  these  seven 
samples  showed  a  recovery  of  67  gallons  of  oil  to  the  ton.  The  lowest 
sample  gave  52  gallons  and  thr  highest  gave  i*3  gallons,  as  a  result  we 
have  estimated  to  be  safe  that  this  district  will  average  56  gallons  to  the 
ton  for  the  massive  or  curly  brown  shales  and  about  3o  gallons  for  the 
lean  or  light  gray  shales,  and  45  gallons  for  the  paper  shales.  The  re- 
fining record  on  the  Grand  Valley  oils  was  exceedingly  good  and  the  piod- 
ucts  all  of  very  high  quality.  The  paraflln  wax  has  a  melting  point  of 
135  degrees.  The  average  wax  from  petroleums  has  a  molting  point  of 
from  114  to  124  degrees.  The  higher  the  melting  point  the  more  sale  value 
It  has.  The  Grand  Valley  lubricating  oils  are  especially  fine  quality 
and  were  50  per  cent  of  the  crude,  of  395  flash— 475  fire — and  with  a  vis- 
coalty  of  410  at  100  degrees. 
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OIL  CONTCNT         The  Bureau  of  Mines  of  the  U.  8.  Qeoloficml  Sunrej 
PER  ACRE—  haa  estimated,  and  the  t>est  history  prores  that  the 

OIL  SANDS  oil  sands  of  the  petroleum  produclnpr  areas  of  the 

SHALE  LANDS         I'nlted  States  havo  a  record  of  producing  an  averaae 

of  3,000  to  5.000  barrels  to  the  acre,  while  th^  same 
authorities  and  the  Colorado  state  authorities  estimate  the  Colorado 
shales  will  produce  upwards  of  fifty  thousand  t>arrels  of  crude  oils  to  the 


An  oil  shale  stratum  of  twenty  (eot  thick  will  contain  about  43.000 
tons  to  the  acre,  thus  if  only  one  barrel  Is  produced  to  the  ton  it  will  pro- 
duce eight  times  as  much  as  an  acre  of  oil  sand;  but  the  Colorado  beds 
contain  parallel  strata  one  above  the  other,  of  five  to  seven  veins  of 
workable  thickness  of  from  seven  to  fifty  feet  thick  that  will  run  forty 
gallons  and  more  and  from  300  to  500  feet  of  solid  lean  shales  (richer  than 
Bcotch  shales),  that  will  run  thirty  gallons  to  the  ton.  making  a  possi- 
bility of  recovering  several  times  forty  thousand  l>arrels  to  the  acre. 

A  COMPLETE  Works  would  consist  of: 

SHALE  OIL  1.     Mining  camp.  site,  and  e<iulpment.    Bunk  houses. 

REDUCTION  cook  house,  blacksmith  and  machine  shop. 

PLANT  2.    Shale  cutting  machines,  steam,  electric  or  com- 

pressed air  driven  drills.  Powder  house.  Tram- 
way for  conveying  ore  to  plants.  Tools  and  complete  mining  equip- 
ment.   In  some  cases,  steam  shovels. 

3.  Rock  crushers,  to  roughly  break  the  shale  In  chunks  one  to  twelve 
inches.  Fines  are  eliminated  and  left  as  waste  In  Scotch  mines.  Ore 
or  storage  bins  located  above  the  retorts  and  to  supply  the  crushed 
shale  by  gravity  to  retorts. 

4.  Ovens  and  retorts,  built  In  t>enches.  usually  four  ovens  to  a  bench, 
called  a  unit.  Plant  site  should  be  selected  to  provide  room  for  build- 
ing additional  units  as  business  expands.  Retorts  connected  to  proper 
condensing  system  to  condense  the  vapors  and  oils.  Also  with  a  com- 
pression or  absorption  plant  to  recover  gasoline  from  the  gases. 
8crubt)ers  to  remove  by-products  from  gas. 

5.  Refining: 

(a)  Stills  for  straight  run  refining;  stills  for  re-mnnlng  and  finishing; 
stills  for  cracking  gas  oil  Into  synthetic  gasoline  or  motor  spirit. 

(b)  Storage  tanks  for  crude;  rtm  down  tanks  for  various  fractions 
and  products;  storage  for  refined  products. 

(c)  Pipe  lines  from  retorts  to  refinery  and  from  refinery  to  railroad 

(d)  Agitators  and  agitator  house  for  acid  and  soda  treatment  of  oils, 
and  washers  to  remove  same  from  oil. 

(e)  Clay  burning  house,  for  purifying  and  renewing  the  "Kieselguhr" 
or  diatomaceous  earth  used  in  the  stills  and  filters. 

(f)  Pumping  plant  for  pipe  lines,  and  water  supply  for  retorts  and 
refinery,  using  a  large  amount  of  water  for  condensing  and  cool- 
ing. 

(g)  Wax  plant,  coolers,  refrigerators,  hydraulic  and  filter  presses  to 
separate  the  paraffin  wax  from  the  heavy  distillate;  sweating 
houses  for  paraffln  wax  refining. 

(h)  Loading  racks  at  railroads,  barreling,  packing  and  shipping  house. 

carpenters,  tool,  and  repair  shop. 
(I)  Electric  light  plant  for  mines,  retorts  and  refinery;  also  power 

plant  for  mining  and  pumping. 

C.  Ammonium  sulphate  plant.  In  Scotland.  ''A  three-story  high  ammo- 
nium sulphate  house,  with  column-stills,  acid  saturators  for  the  am- 
monia, vacuum  evaporator,  centrifugal  driers,  storing  bins  and  grind- 
ing mills,  sulphuric  acid  making  plant;  add  recovery  plant.'* 

7.  Conveyor  l>elts  to  carry  off  spent  shales  to  dump  l>elow  reduction 
works. 
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to  the  waste  dump.  The  Bteuii  aitertng  the  retorts  throogh  the  tujeiee 
near  their  discharge  end  is  tahm  at  low  pressure  from  the  boilers,  in 
the  above  mentioned  plant,  at  a  pressure  of  1.5  pounds  per  square  inch, 
and  is  super  heated  during  its  passage  through  a  series  of  colled  pipes 
built  in  the  interior  of  each  oven,  before  entering  the  retorts  at  a  temper- 
ature of  from  600**  to  1000"*  F.,  the  most  suitable  temperature  depending 
on  the  character  of  the  shale  to  be  treated.  The  heat  required  tar  the 
operation  is  supplied  by  firing  the  retorts  with  the  gas  produced  from  the 
distillation  of  the  shales.  Suitable  baffles,  built  In  the  Interior  of  the 
ovens,  conduct  the  products  of  combustion  gradually  from  the  bottom  of 
the  retorts  to  the  top  of  the  avea,  where  they  escape  into  the  chimney, 
llie  products  of  the  retorts  are  hydrocarbon  gas,  steam  with  ammonia, 
and  spent  shale.  The  latter  is  free  from  oll-prodndng  matter,  if  the  oper- 
ation has  been  properly  conducted,  and  goes  to  the  wasto  dump.  The 
former  products  leave  the  retort  together  by  a  branch  pipe  near  their 
top,  through  which  they  enter  the  main  gas  conduit,  common  to  the  gase- 
ous products  of  all  the  retorts  in  the  unit,  and  are  conducted  to  the  con- 
denser. 

CONDENSING  The  usual  method  in  Scotland  of  the  condensation 

PLANT  of  the  gaseous  products  Issuing  firom  the  retorts  is 

accomplished  by  passing  them  throui^  a  long  and 
extensive  series  of  pipes  exposed  to  the  atmosphere,  whose  temperature 
is  depended  upon  to  cool  and  consequently  condense  the  vapors.  The 
quality  and  uniformity  of  the  condensed  product,  the  distillate,  depending 
on  a  uniformly  maintained  temperature,  it  Is  evident  that,  on  account  of 
the  constantly  changing  temperature  of  the  atmoephere,  it  Is  Impossible 
to  maintain  the  uniform  temperature  required  for  the  production  of  dis- 
tillates of  good  and  uniform  quality.  It  is  a  well  known  fact  that  the 
speed  of  the  condensation  is  not  only  dependent  on  the  degree  of  tempera- 
ture, but  on  contact  of  the  vapors  with  a  cooling  wnrtmce.  In  a  steady 
flow  of  the  vapors  through  the  series  of  plpts  as  ordinarily  employed,  the 
circumferential  part  of  the  vapor  column  only  will  be  In  contact  with  the 
cooling  surface  of  the  pipes,  a  thorough  mixing  of  the  vapors  during  their 
passage  through  the  pipes,  to  bring  each  portion  of  the  vapors  In  contact 
with  the  cooling  surface  of  the  pipes,  being  Incidental  and  partial.  If  It 
takes  place  at  all.  Again,  a  well  known  fact  is  that  the  forceful  impinging 
of  the  vapors  against  the  cooling  surfaces  facilitates  and  expedites  the 
process  of  condensation  to  a  considerable  degree.  In  the  condensation 
plants  aa  now  ordinarily  employed,  neither  the  thorough  mixing  of  the 
particles  of  vapor,  nor  the  great  advantage  obtained  by  forceful  friction 
and  impinging  of  the  vapors  against  the  cooling  surfaces,  has  been  made 
use  of.  To  obviate  the  disadvantages  of  the  condensing  apparatus  as  now 
ordinarily  employed  for  the  condensation  of  the  vapors  issuing  from  the 
shale  retorts,  the  writer  has  constructed  a  simple  and  comparatively  In- 
expensive condensing  arrangement,  which,  in  a  modified  form  has  been 
successfully  used  by  him  on  a  commercial  scale  in  the  condensation  of 
metal  fumes.  This  apparatus  secures  in  an  effective,  simple,  and  economi- 
cal manner  the  three  cardinal  principles  of  effective  condensation  and 
consequently  of  hydrocarbon  vapor  condensation,  1.  e.: 

1.  Uniform  temperature  of  the  cooling  surfaces. 

2.  Thorough  mixing  of  the  particles  of  vapor. 

:{.  Forceful  friction  caused  by  the  impinging  of  the  vapors  to  be 
condensed  against  the  cooling  surfaces.    (U.  S.  Patent  No.  225058.) 

This  condensing  apparatus  consists  of  an  exterior  tank,  constructed 
of  steel  plate,  ten  feet  in  diameter  and  ten  feet  high  for  a  plant  having 
a  capacity  of  100  tons  of  shale  per  24  hours.  Concentrically  arranged  in 
this  tank  and  resting  at  its  bottom,  is  a  series  of  five  circular,  so-called, 
water  jackets  at  a  radial  distance  of  three  inches  from  each  other.  In 
this  manner  these  water  jackets  form  six  circular  spaces,  three  Inches 
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wide  and  ton  feet  hli^h  each,  their  renpectlve  circular  lenfEthn  inrreaninic 
a»  their  dfRtance  from  the  center  of  the  tank  IncreaHen.  The  water  jack- 
et* are  provided  with  Biiitnhio  ofionlnRs  for  the  pannaKe  of  the  Kan  from 
one  Bpace  to  tht*  next,  these  openinmi  heinK  alternately  at  the  top  or  at 
the  bottom  of  the  Jack»*tK.  nafrien  extendini:  vertically  alon^  the  whole 
height  of  the  tank  are  inserted  into  each  vpace  between  the  Jackets  near 
the  proper  side  of  the  opening  to  forc«»  the  passaire  of  th«»  kus  continuously 
in  one  certain  direction.  The  main  Ras  conduit,  carrying  th«*  gases  from 
the  bench  of  retorts  to  the  condenser,  enters  the  latter  through  the  bot- 
tom of  the  tank  and  extends  to  somi*  distance  from  the  interior  top  of 
the  tank,  which  is  formiM  of  concrete.  The  gas  flows  over  the  top  of  the 
main  gas  cnnduit  and  travels,  assisted  by  a  fan  mentioned  below,  spirally 
around  the  oi>en  circular  space  formed  by  the  outside  of  the  vertical  main 
gas  ctmduli  and  the  inner  wall  of  the  water  Jacket  nearest  the  center  of 
the  tank,  until  it  passes  through  the  abovo  mentioned  openini:  at  the  top 
of  the  water  Jacket  into  the  next  circular  space  form<^  by  tbt>  outside 
wall  of  fbe  above  mentioned  jacket  and  the  inside  wall  of  the  next  Jacket. 
the  second  from  the  cenicr  of  the  tank.  A  baffle,  placed  vertically  near 
the  proper  side  of  the  opening  on  top  of  the  first  Jacket  forces  the  gas 
to  travel  in  the  name  spiral  circular  direction  as  it  did  in  (he  first  space, 
until  it  reaches  an  opening  in  the  second  Jacket  provided  near  Its  l>ottom. 
The  gas  passing  through  this  oi>cning  enters  the  third  space  formed  by 
th«  outer  wall  of  the  second  Jacket  and  the  inner  wall  of  the  third  jacket, 
tteing  guided  in  the  sani*'  direction  as  before  by  a  balTle  placed  vertically 
near  the  opening  in  (he  second  Jack<>t.  The  third  jacket  has  an  opening 
at  the  top.  the  fourth  at  the  ttottom  and  the  fifth  aeain  at  the  top.  liafTles 
l>einf;  properly  placed  in  each  case  to  force  the  passage  of  the  gases  In 
a  spirally  circular  manner  until  the  permaniMit  gases  finally  1«miv«'  tho 
(ank  near  Its  bottom.  The  cooling  medium,  air  or  watiT.  entors  tho  wa((>r 
jacket  nean  St  to  the  circumference  of  (he  (ank  at  the  indnt  where  the 
permanent  i:as  leaves  the  tank  and  is  forced  to  (ravel  in  a  direction  np|M)- 
sito  to  that  taken  by  (he  gas  by  haffles  or  a  suitable  position  of  the  inlet 
and  oudet  pipes.  The  coolimr  medium  leaving  the  first  water  jacket, 
enters  the  second  jacket  at  the  point  where  the  gas  enters  the  space  be- 
tween the  two  Jackets  nean'St  the  circumference  of  the  tank,  and  contin- 
ues to  travpl  in  a  similar  spirally  circular  manner  towards  the  c»»nt»»r 
of  the  tank  through  all  the  water  jackets.  In  this  manner,  gas  and  cool- 
ing medium  travoling  in  opi>osite  directions,  it  is  evident  that  proportion- 
ately, as  the  velocity  and  the  temperature  of  the  gas  decreases,  the  sp«'ed 
and  temperature  of  the  ccKding  medium  incri>asf>s  and  h«'nce  the  hydro- 
cmrtH>ns  of  hlirhest  boiling  point  will  be  condensed  in  the  space  lM*tween 
the  jackets  nearest  the  center  of  the  tank,  where  the  temperatures  of  the 
cooling  medium  is  highest  and  successively  gases  of  lownr  boiling  point 
are  condens«*d  as  they  reach  on  their  way  towards  the  circumference  of 
the  tank,  tho  spac»*H  l»etwnen  the  jackets  which  contain  a  cool  In  i;  medium 
of  gradually  decreasing  temperature.  It  Is  ob«ious  that  this  apparatus 
can  be.  and  in  some  cases  should  be,  so  arranged  that  the  cooling  medium 
U  either  air  or  sonif>  liipild.  or  partially  air  and  partially  liquid.  The  prod- 
ucts of  the  condenser  are  gas.  crude  oil.  and  ammonia  waur.  the  latter 
two  leaving  the  ccmdenser  together  from  s|>outs  at  the  botton  of  the  tank 
leading  into  the  spaces  between  the  water  jackets.  In  this  manner  six 
clauses  of  oil  will  Issue  from  the  condenser  the  classes  b«*ing  distinguished 
by  their  dlflTerent  1>oiling  points  and  specific  gravity.  Kach  of  these  classes 
of  oil.  together  with  the  ammonia  water.  Is  transport<*d  by  short  pipe 
llnea  to  individual  separafirs  wh(*re  the  ammonia  «ater  is  separateil  from 
tho  crude  oil  The  separators  are  circular  tanks,  each  four  fe«*t  in  diame- 
ter and  six  feet  high.  A  vertical  partition,  reaching  from  the  top  of  the 
tank  to  within  alniut  six  inches  from  the  bottom,  separates  the  tank  into 
two  unequal  compartments,  the  smaller  compartment  representing  about 
one-tenth  of  the  larger  one.    Crude  oil  and  ammonia  m-ater  from  the  con- 
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Inches  In  diameter  mnd  twelve  feet  long.  This  tank  has  a  relief  valvp  at  ^ 
Its  upper  circumference,  through  which  the  lighter  parts  of  the  gasoline  ' 
4^cape  as  vapors,  which  may  he  conducted  to  the  gas  reservoir.  From 
this  tank  the  oil  Is  conducted  to  a  heat  exchanger,  where  It  M  pr«*heated 
by  the  hot  oil  returning  from  the  still,  mentioned  below,  to  the  absorbing 
tower  for  re-use.  From  this  heat  exchanger  the  preheated  oil,  ch'ArRod 
with  the  gasoline  absorbed  from  the  gas,  is  conducted  to  a  still  operated 
by  live  steam.  Here  the  gasoline  is  expelled  from  the  oil.  the  vapors  be- 
ing conducted  to  a  cooler  box.  where  the  water  is  separated  from  the 
gasoline,  the  latter  going  to  a  condenser,  the  condensate  beinc  ready  for 
the  market  after  teatment.  eventually,  if  the  quality  of  the  rnndons^^r 
product  requires  tt.  The  hot  oil  remaining  in  the  still,  after  bavine  been 
freed  from  the  gasoline.  Is  conducted  through  the  above  mentioned  heat 
exchanger,  where  It  travels  through  pipes  In  the  opposite  direction  to  th*» 
cold  oil  charKed  with  gasoline,  passing  to  the  still.  preheatiUK  the  latter 
liquid.  After  having  transferred  the  greater  part  of  its  heat  to  the  oil 
passing  to  the  still.  It  Is  conducted  through  water-cooled  colls  to  the  ab- 
sorption tower  for  re-use. 

SULPHATE  OF         The   ammonia    water   coming   from   the   separators. 
AMMONIUM  which  segregated  It  from  the  oil.  together  eventually 

PLANT  with  the  ammonia  water  coming  from  the  scrubber. 

is  conducted  to  a  column  apparatus,  where  the  am- 
monia Kas  \»  evaporat^Hl  This  column  apparatus  Is  constructed  of  ten 
sections  of  cast  iron,  twenty-four  inches  In  diameter,  twenty-elsht  feet 
hieh.  The  sections  are  provided  with  flauRes  at  their  ends  and  bolted 
together  to  form  u  vertical  column  of  the  site  stated.  Within  this  column 
there  are  seventeen  shelves,  at  equal  distances  apart,  cast  In  one  piece 
with  the  sections.  Three  nozxles  tapering  from  2.n  inch  In  diameter  to 
1.5  inch  and  4  inches  lonR,  are  cast  with  the  shelves.  Extending  upm-ards 
and  over  the  shelves  a  hood  or  l>ell  Is  fastened  at  a  distance  of  about  one- 
half  Inch  al>ove  the  orlfloe  of  the  nozzles.  The  bottom  of  this  ttell  is  cut 
out  zig-zag  shape  to  a  height  of  t«'o  Inches  In  such  a  manner  that  the 
lower  part  of  the  mantle  of  the  bell  represents  about  one  half  metal  and 
one  half  opening.  A  two-Inch  nipple  extends  from  a  point  three  inches 
above  each  shelf  to  a  point  al>out  three  Inches  below  the  shelf.  At  the 
seventh  section  from  the  top  connections  are  made  with  a  tank  containing 
milk  of  lime.  The  ammonia  water,  after  passing  through  a  heat  ex- 
changer, enters  the  column  at  the  top  and  remains  on  the  uppermost 
shelf  to  a  depth  of  three  inches,  when  it  overflows  into  the  two-Inch 
nipple,  which  drops  it  onto  the  second  shelf  on  which  It  also  remains  to 
A  depth  of  three  inches,  when  it  passes  to  the  third  shelf  by  overflowing 
Into  the  two-inch  nipple  which  transports  it  to  the  fourth  shelf  and  so  forth 
over  all  sevente(*n  shelves,  until  it  iiasses  to  the  tiottom  of  the  column, 
where  it  iHsuen  as  waste,  after  having  been  deprived  of  Its  ammonia.  At  the 
seventh  shelf  from  the  top  a  connection  is  made  with  the  milk  of  lime 
storaice  tank,  from  which  such  an  amount  of  milk  of  lime  flows  into  the 
seventh  section  from  the  top  as  has  been  previoiisly  determined  by  an 
analysis  as  necessary  Steam  enters  the  column  at  the  bottom  and 
ascends  throuKh  the  taperiuK  nozzles,  beine  dh'erted  by  the  top  of  the 
bell  towards  the  bottom,  where  It  entiTH  the  ammonia  water,  through  the 
xlg-tag  shapi*d  openings  at  the  liottom  of  the  Ik*I1.  heating  the  water  and 
driving  off  the  ammonia  gai*.  From  the  lower  section  the  steam  ascends 
to  the  next  upper  section  through  the  tapering  nozzle,  operatinc  in  the 
same  manner  as  described  from  shelf  to  shelf,  until  the  remainder  Anally 
Issues,  together  with  the  volatilized  ammonia,  from  the  top  of  the  ctilumn 
Into  a  standard  steam  sep«&nitor.  where  It  if  s*'|»aruted  from  the  nmnionia 
gas.  which,  by  means  of  a  pipe  line.  Is  conducted  directly  to  the  |K»cipitat* 
lug  tank. 
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NOTE:  The  fire^  Mniiwmla  is  Tcd^tflfaed  onlir  ti  the  iq^er  slz 
tlonB,  while  from  thtf  combined  ammonia  (ammonium  chloridei,  ammonlom 
carbonate,  etc),  which  is  practically  always  present  in  the  iwiw^pwff^ 
water,  the  ammonia  must  be  set  free  by  combining  its  impnrtties  with 
lime.  Ammonium  chloride  for  instance,  treated  with  milk  ol  lime,  for* 
nishes  calcium  chloride,  water  and  ammonia,  according^  to  the  eqnatloB: 

2(NH,)C1  -h  CaO  =CaCl,  -r  H,0  -f  2  NH, 

In  a  similar  manner  ammonium  carbonate  famishes,  in  combination 
with  lime,  calcinm  carbonate,  water,  and  ammonia,  according  to  the  eqoa- 
tlon: 

(XH,),COi  4-  CaO  =  CaCO,  +  (NHJ,  +  H,0 

The  precipitating  tank  contains  dilnte  snlphnric  acid  into  which  the 
ammonia  gas  is  conducted,  combining  with  the  sulphuric  add  to  form 
sulphate  of  ammonium,  according  to  the  equation: 

H-SO4  +  2(NH*HO)  =  (NH.),SO,  +  2H,0 

The  precipitating  tank  is  built  of  wood  and  lined  with  lead.  It  has 
one  sloping  side,  along  which  the  crystals  of  sulphate  of  ammonium  are 
removed  to  a  draining  floor  or  they  are  freed  from  moisture  by  a  centrifu- 
gal machine.  The  sulphate  of  ammonium  product  is  then  dried  and  ready 
for  the  market.  The  reaction  between  the  ammonia  Tapors  and  the  sul- 
phuric acid  generates  a  large  amount  of  heat,  which  generates  steam* 
carrying  some  ammonia  and  fine  particles  of  sulphate  of  ammonium  along. 
For  this  reason,  and  also  for  the  protection  of  the  workmen,  the  reaction 
takes  place  under  a  bell,  the  top  of  which  ends  in  a  pipe  whidh  is  con- 
nected with  a  trap,  separating  the  particles  of  sulphate  of  ammonium 
from  the  steam,  which  then  enters  the  heat  exchanger,  mentioned  aboTe, 
to  preheat  the  original  ammonia  water  before  it  enters  the  column  appa- 
ratus. The  economic  products  of  the  distillation  plant  are  therefore: 
crude  oil,  gas.  gasoline,  and  sulphate  of  ammonium.  The  latter  two  are 
ready  for  the  market,  the  gas  is  made  use  of  in  the  plant  as  fuel,  while 
the  crude  oil  is  stored  for  treatment  in  the  refinery. 

The  cost  of  a  plant  as  outlined  above  is  from  $65,000  to  $100,000, 
according  to  local  conditions. 

The  cost  of  a  3im>  tons  daily  capacity  plant  for  distillation  and  a 
Wells  system  refining  plant  for  4t>0  barrels  of  crude  oil  is  from  $450,000 
to  |500,00«.\  according  to  local  conditions. 

Inasmuch  as  the  Wells  Oil  Refining  Process  Company  has  done  much 
experimental  work  in  refining  crude  shale  oil.  Wlllet  C.  Wells,  president 
of  the  company,  has.  by  request,  contributed  the  following: 

MINERAL  OILS        Mineral   oils   being  tenaceously   blended   substances 

of  wide  range  of  volatility  and  density,  and  so  sensi- 
tive to  the  action  of  heat  required  to  evaporate  them,  that  their  eyapori- 
zation.  aided  by  the  lavish  use  of  steam,  produces  gas,  that  is  not  condens- 
able at  normal  temperatures,  and  carbon  (coke)  residue.  This  gas  and 
carbon  is  separated  smoke  of  the  overheated  material,  resulting  in  greatly 
diminished  quantity  and  quality  of  valuable  products,  and  necessitating 
wasteful  and  expensive  means  co  prepare  them  for  use. 

THE  WELLS  The  Wells  Process  passes  a  neutral  permanent  gas 

PROCESS  in   myriad   fine  streams  through  a  body  of  heated 

volatile  liquid:  the  gas,  previously  heated,  or  heated 
in  contact  with  the  liquid,  seeks  to  saturate  itself  with  vapors  with  avidity 
proportionate  with  its  temperature:  the  surface  of  each  bubble  of  gas 
being  free  surface  at  which  vapors  can  form  within  the  body  of  the  liquid 
below  its  boiling  point,  and  where  the  absorptive  properties  of  the  heated 
gas,  and  the  vapor  tension  of  the  heated  oil,  coact  to  rapidly  evolve  all  of 
the  volatile  portion  of  the  liquid  in  vapor  at  temperatures  insufficient  to 
change  the  constitution  of  any  portion  thereof;  in  fact,  the  solid  bitumi- 
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bona  resldoe  of  Avapomtod  petrolonm  or  ahsle  oil  ckd  b«  completeir  dlt- 
■otT«<l  tn  tb«  dlfltlUatea  th«nfrrm  and  reproduce  tbe  oci(lD«l  oil  witbout 
lh«  loM  of  one-fourth  of  one  pn"  cent.  Br  paielni  tbe  tbua  Tapor-load«d 
ma  throuKh  n  largo  body  of  Bllertnc  material  in  tbo  dome  of  the  itlll, 
globnlea  of  unvaporlicJ  aprar.  carried  by  (be  atoam  of  bubbling  Mquldn.  are 
eliminated.  The  fllterlnR  nintennl.  belnK  beited  by  th«  vapor-larl««  oa 
paaalug  tbrough,  la  of  lower  temperature  than  tbe  temppratiirr-  of  the 
vapor*  that  beat  11.  coniequenily  some  of  the  leaa  volatile  portion*  of 
the  TBpora  are  condensed  In  the  niierlnfc  material  and  abaorlMMl  and  re- 
tained therein  unlit  re-evapoated  therefrom  by  the  proxreaalvcly  rlalnx 
temperaiurf  of  (he  fllterlnic  material,  thua  necurltiK  mucb  cloaer  aepara- 


Croaa  taction  of  a  Stnsia  Unit — Statmann  Oil  Sbala  RadiMtlon  Plant. 

UoB  of  the  more  volatile  from  the  leaa  volatile  portlona  thereof.  reaultloK 
In  icroatly  Increaaed  iiuantlty  ot  icaaollne  of  a  slvan  grmvliy  and  end  point. 
more  bomoffeneoui  commercial  prodi'cta  In  iceneral.  much  batter  forma- 
tion of  was  cryatala.  and  corople(e  separadon  of  the  bitumlnoiia  realdue 
from  the  dlatlllatea.  Tbe  aaa,  after  Ita  load  of  vapor  la  condenaed  ther*- 
from.  repeata  Ita  performance  In  continuous  cycle.  Thus,  by  the  appll- 
CfttloB  of  the  simplest  iBwa  of  nature,  olla  are  divided  Into  commercial 
tracttona.  ao  perfect  In  their  Inherent  conatltutlon.  that  they  will  repro- 
dvoa  their  orUlnal  stale  by  blendlnx.  A  lance  portion  of  the  distillates  of 
pMrvlanm  or  abale  oils  produced  by  tbe  Wells  Process  have,  as  measured 
by  a  Tlseoaimeter.  itreater  vlscoalty  than  caator  oil.  By  our  improva- 
aaM  In  wai  pmsea,  the  wax  la  readily  expressed  from  tbese  vlacid  oila. 

•HALE  OIL  The  writer  baa  twice  visited  the  shale  oil  refloe'iea 

PRODUCTS  In  Scotlsu.l.    We  bare  bad  several  barrela  of  ctuda 

Scotch  anale  oil  ahipped  to  Colnmbua,  and  have  In- 

VMUotUd   other  forclpi  ah:iK-'a,   aueh   aa   New   Bniaawlck.  Cabao.  and 
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a  barrel  juit  at  loon  as  tu  many  superior  qualities  and  products  are  com- 
mercially established— a  condition  which  is  not  far  disUnt  It  can  be 
produced  for  less  than  $2.00  a  barrel  with  a  20o  ton  per  day  retort  plant. 
Such  a  plant,  including  an  ammonium  sulphate  and  gssoUne  absorption 
equlpm(*nt  complete,  can  t>e  Installed  for  one  hundred  thousand  dollars, 
at  the  present  high  prices.  All  estimates  are  made  on  shale  of  a  mini- 
mum richness  of  one  tmrrel  (42  gallons)  of  crude  oil  per  ton  of  2.000 
pounds  of  shale.  These  retorts,  or  reduction  plants,  can  bo  advan- 
tageously installed  In  units  of  a  capacity  of  100  tons  per  24  hours.  A 
complete  Wells  refinery  will  t>e  Installed.  Including  the  cold  storage  wax 
plant,  which,  when  complete,  will  not  exceed  $350,000  In  cost,  with  a 
capacity  for  handling  400  barrels  of  crude  shale  oil  in  24  hours,  as  soon  as 
the  two  projected  retort  plants  are  erected.  By  "complete  refinery"  is 
meant  a  plant  that  makes  the  products  from  crude  oil  in  opproximntely 
the  following  percentages: 

Gasoline    25  per  cen? 

I^brlcatini;  oil   60  per  cent 

ParaflUn  Wax 2  per  cent 

Kerosene  or  fuel  oil 3  per  cent  \  i^f°'h*ri"^Illfni^!h^^^^^^^^ 

Asphaltlc  residue  7  per  cent  \  ^^^^^"^  ^'^^^^^  abnorption 

Loss    3  per  cent 

In  addition  to  these  products,  there  will  be  the  ammonium  sulphate 
ranging  from  20  to  30  pounds  to  the  ton  of  shale,  and  about  2.500  cubic 
feet  of  gas.  from  which  can  be  extracted  from  two  to  three  gallons  of 
gasoline  per  1.000  cubic  feet  of  gas.  with  suflSclent  high-grade  hydrogen 
gas  left  over  for  all  fuel  requirements  in  operating  the  retort  and  refinery 
plants.  These  products  and  average  percentages  In  gallons  and  pounds 
per  barrel  and  probable  wholesale  prices  are  as  follows: 

Main  Products: 

Gasoline.  25<:r— 10  gallons  at  ISc $1.80 

5  gallons  reclaimed  from  gas  at  18c 90 


$2.70 

Lubricating  oil.   60%— 25   gallons   at   30c 7.50 


Other  Products: 

Paraffin  wax  (145  M.P.).  6  pounds  at  15c $  .90 

Asphaltlc  residui' — (rubber  filler).  2U  lb.  at  5c l.(»<» 

Ammonium  sulphate — 20  lbs.  at  4c ho 


$10.20 


$  2.70 

%11  90 

Crude  shale  oil  can  be  fractionated  or  refined  into  these  products  at 
$1.00  a  barrel  or  less,  in  a  plant  of  a  minimum  capacity  of  400  barrels  r«r 
24  hours.  These  are  the  commercial  products  that  will  be  produced  from 
tlie  shales.  At  some  time  in  the  future,  many  by-products,  such  as  ana- 
line  dyes  and  other  commercial  commodities  may  develop,  but  they  have 
not  aa  yet  arrived  on  the  scene  of  action  except  in  laboratory  te«ts. 
Under  certain  conditions,  without  refining,  a  very  fine  fiotation  oil  can 
be  obtained  from  the  shale,  but  the  possible  market  demand  for  it  in 
Tolame  is  too  limited  and  restricted  to  be  regarded  as  of  great  commer- 
cial Importance  at  this  time.  There  are  no  gold,  silver,  tin.  or  platinum 
▼alnea  in  any  of  our  shales  in  paying  quantities.  This  has  been  checked 
and  rechecked.  There  is  no  warrant  or  justification  for  this  claim  being> 
made,  and  no  excuse  for  anyone  being  misled  or  Imposed  upon.  In  re- 
torting or  distilling  these  shales,  there  are  a  few  well-known  and  ostab- 
Itabed  facts  that  should  be  kept  in  mind,  to- wit:  the  shale  should  not  be 
erushed,  but  fed  into  the  retorts  as  "run-of-mtne".  except  that  pieces 
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which  Is  not  dealinied  as  commercial  retort  bat  onljr  for  the  purpose  of 
demonstration.  Some  of  those  retorts  appear  to  have  merit,  but  others 
seem  to  be  doomed  to  failure  tH»rau9e  they  fall  In  correct  mechanical 
deslm  and  do  not  follow  the  fundamental  principles  of  destnictWe  dlstllla- 
tion.  The  majority  are  designed  for  the  purpose  of  produring  a  crude  oU 
trcm  shale  to  be  aent  to  a  refinery,  but  others  have  been  deslgnod  with 
the  purpoHO  of  effecting  distillation  and  refining  in  one  operation.  To 
one  not  personally  interested  in  any  particular  method  cf  retorting,  it 
would  appear  that  thi*  retort  with  the  best  chance  for  success  would  be 
one  patterned  after  the  Scottish  retorts,  modified  to  suit  our  local  condi- 
tions. It  Is  not  to  be  understood  that  the  present  Scotch  retort  is  perfect. 
but  it  is  one  of  known  capabilities  under  the  cnibditlons  existing  in  the 
Scotch  shale  Industry.  Before  any  retort  Is  adopted.  It  should  be  thor- 
oughly tried  out.  A  shale  plant,  to  be  successful.  Involves  a  large  expend* 
Itifre.  and  any  mistake  made  In  the  design  of  Its  most  important  part,  the 
retort,  may  be  diaastrous. 

Some  of  the  proceeses  which  have  been  advanced  and  the  companies 
Interested  In  them  are  given  in  the  following  list: 

1.  Crane  Process— Crane  Shale  Corporation,  Elko.  Nevada. 

2.  F^rickson  Process— Rainbow  Petroleum  I^rotlucip  Co.,  Salt  iJike 
City,  Utah. 

3.  J.  n.  Jenson  Eduction  Process — C.  B.  Stewart.  806  Mclntyre  Bldg.. 
Salt  Lake  City,  UUh. 

4.  Pearse  Process— Arthur  L.  Pearse  and  Co..  50  East  42nd  St..  New 
York  City.  N.  Y. 

5.  Pumpher»ton  or  "Scotch**  Process — Glasgow.  Scotland. 

6.  Scott  Proc*ess— Detroit  Testing  Laboratory,  674  Woodwurd  .\ve . 
Detroit.  MIrh. 

7.  Stalmann  Process — Otto  Stalmann,  521  Atlas  Block.  Salt  Ijike 
(*ity.  I'tah:  or  Petroleum  Engineering  Co..  420  Dwight  Bldg..  Kan- 
sas City,  Mo. 

8.  Wallace  Process — George  W.  Wallace.  Consulting  Enginerr.  Ka^t 
St.  Ix)uis.  Mo. 

9.  Wlngett  Profess — American  Shale  Refining  Co.  First  National 
Bank  Bldg..  I>enver.  Colo. 

10.  Chew  Process— National  Shale  Oil  Co..  1530  Welton  St..  iVnver. 
Colo. 

11.  Galloupe  Process— J.  H.  Galloupe.  1101   19th  St.,  Denver.  Colo. 

12.  Simpson  Process — IjouIs  Simpson.  172  O'Connor  St,  Ottawa,  Can. 
IS.    Prichard  Process— Dr.  Thomas  W.  Prichard.  52  East  41st  St .  New 

York.  N.  Y. 

14.  Bishop  Process— James  A.  Bishop.  1526  N.  I^Salle  St..  Chicago, 
III. 

15.  Brouder  Process—Clark.  Long  ft  Co.,  50  E.  42nd  St..  New  York. 
N.  Y. 

16.  Catlin  Process— R.  M.  Catlin.  FYanklln  Furnace.  New  Jerjey. 

17.  Del  Monte  Process— C.  A.  Prevost.  814  Southern  Bldg..  Washing- 
ton. D.  C. 

■rriMATED  The  cost  of  a  distillation  plant  with  all  accessories 

COST  or  of  a  capacity  of  100  tons  of  shale  a  day  Is  eb:lmate«l 

DltriLLATION  at  from  $65,000  to  lluu.ooo.  according  to  local  condl- 
AND  REFINING  tlons.  If  proper  plans  were  made  In  advance  for 
PLANTS  enlargement   additional    units    could    be   enacted    at 

about  one-half  the  cost  of  the  original  unit.  The  rout 
of  A  Wells  Refining  plant  with  a  daily  capacity  of  4«h>  harreli.  to  Include 
A  sulphate  of  ammonium  and  gasoline  absorption  plant,  m'ould  cost  from 
9S00.OO0  to  |35o.(MN>.  according  to  local  conditions. 
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^InvMtigatlofi  of  Oil  "Otninfc  the  3^mu*  the  Bureau  of  Mines  has  been 
Slialee,'*  Seventh  Annual  paitlcularlr  Interested  in  the  rast  deposits  of 
Report  of  the  Bureau  of  oil  shales  In  Colorado  and  Utah  that  have  been 
Mines,  Van  H.  Manning,  disclosed  by  the  field  InTestlffatlons  of  the  Oeo- 
Director,  to  the  Seore-  logical  Survey.  Because  of  the  threatened 
tary  of  the  Interior,  for  shortage  of  petroleum  ftom  oil  fields  in  the 
the  Fiscal  Year  Ended  future,  these  shales  are  considered  to  be  the 
June  30,  1917.  principal  reserve  in  this  country  for  the  future 

supply  of  gasoline  and  other  petroleum  prod- 
ucts. Consequently,  much  attention  has  been  given  to  preliminary  in- 
vestigations of  the  richness  of  the  shales,  and  a  detailed  study  is  being 
made  of  the  best  methods  of  obtaining  oil  from  the  shales,  the  character 
of  the  shale  oils  and  the  proportions  of  the  various  oil  products  and  by- 
products obtainable  by  difTerent  methods  of  distillation.  The  investiga- 
tions made  lead  to  the  belief  that  it  is  now  commercially  feasible  to 
work  selected  deposits  of  shale  in  competition  with  oil  from  oil  wells,  and 
that  these  oil  shale  reserves  can  be  considered  of  immediate  importance 
to  the  oil  industry.  Several  commercial  plants  for  mining  and  treating 
the  shale  have  been  planned  and  the  Bureau  of  Mines  will  closely  follow 
the  developments.  It  is  believed  these  investigations  have  already  dem- 
onstrated a  reserve  of  oil  adequate  for  all  future  needs  of  the  Navy. 


•• 


Franklin  K.  Lane,  Seore-  Mr.  Lane  said,  in  reply  to  a  Senate  resolution 
tary  of  the  Interior.  regarding  gasoline,  and  referring  to  the  shale 

beds  of  the  country:  "The  development  of  this 
enormous  reserve  simply  awaits  the  time  when  the  price  of  gasoline  or 
the  demand  for  other  distillation  products  warranta  the  utilisation  of  this 
substitute  source.  This  may  happen  in  the  future.  At  all  events  these 
shales  are  likely  to  be  drawn  upon  long  before  the  exhaustion  of  the 
petroleum  fields."  . 

Walter  Clark  Teagle.  "The  toUl  number  of  wells  completed  in  the 
President  Standard  OH  United  States  in  the  first  eleven  months  of  this 
Company  of  New  Jersey,    year    (1917)    was    21,302.     Of   the    completed 

wells  the  total  number  that  produced  oil  was 
15.20S.  There  was  an  increase  in  total  production  from  all  wells  this 
year  over  last.  The  total  production  of  petroleum  in  all  parts  of  the 
country  in  the  first  ten  months  was  about  272,000,000  barrels.  The  pro- 
duction for  the  eleven  months  is  accordingly  almost  equal  to  the  total 
yield  for  the  twelve  months  of  11^16,  but  that  has  not  been  sufllclent  to 
meet  the  demands  of  the  refineries,  for  about  16,000,000  barrels  have 
been  taken  from  stock  so  far  this  year  to  supply  the  refiners.  The  stock 
of  crude,  accordingly,  has  decreased  both  in  1916  and  in  the  present  year. 
The  total  stock  of  crude  on  January  1,  1916,  was  198.000,000  barrels.  In- 
cluding storage  of  crude  held  in  private  tank  farms  and  leases.  On  No- 
vember 1,  1917,  it  was  approximately  something  over  158,000,000  barrels, 
or  less  than  one-half  a  year's  yield  of  crude. 

George  Otis  Smith,  01-  *'U  is  true  that  the  Government,  and  particu- 
reetor.  U.  S.  Geological  larly  the  Geological  Survey,  has  spent  consid- 
Survey,  In  a  Letter  to  erable  time  and  money  in  the  last  few  years 
Congreaaman  E.  T.  Tay-  in  a  study  of  the  oil  shale  deposits.  As  a  re- 
lor,  Septemher  S,  1917.       suit  of  the  field  examinations  made  from  1913 

to  1916,  it  has  been  clearly  demonstrated  that 
the  latent  potentiality  of  the  oil  shale  of  this  region  as  a  soarce  of  petro- 
leum is  enormous.  It  is  also  known  that  there  is  locked  up  in  these 
ahalea  a  vast  amount  of  nitrogen  which  can  l>e  recovered  as  a  by-product 
in  the  refining  of  the  shale  and  used  In  the  manufacture  of  fertiliiers 
aad  ezpioaivea." 
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Ited  supply  of  that  esMntlal  fuel.  ConienrfttlTe  estimmtM  of  the  quantity 
of  crude  oil  that  may  be  recovered  from  beds  of  shale  three  feet  or  more 
In  thickness  and  capable  of  yielding  twenty-five  icallons  or  more  of  oil 
to  the  ton  of  shale  (some  beds  will  yield  as  high  as  seventy  gallons)  in- 
dicate that  the  shales  of  northwestern  Colorado  and  northeastern  rtah 
alone  can  produce  over  ten  times  as  much  oil  as  has  been  recovered  from 
oil  wells  in  the  United  States  since  the  first  commercial  oil  well  was 
drilled  in  Pennsylvania  in  1R59.  What  the  full  possibilities  of  these 
shales  may  be  in  the  way  of  by-products  other  than  gasoline  remains  to 
be  seen.  It  is  not  impossible  that  new  products  or  preparations  yet  to  be 
discovered  in  the  experimental  laboratory  may  be  of  signal  importance 
to  the  country  and  may  radically  affect  the  commercial  success  of  the 
Industry.  The  tests  already  made  indicate  that  the  shales  will  furnish 
material  for  dyes,  fertilizers,  rubber  substitutes,  paving  materials,  drugs 
and  lubricants.*' 

"Development  of  OH  ''Granted  the  utmost  In  the  development  and 
Shales"  —  "Petroleum,  a  use  of  the  remaining  supply  of  petroleum,  eco- 
Resource  Interpreta-  nomic  pressure  from  oil  shortage  will  still  be 
tlon."  by  Chester  Q.  Oil*  not  far  distant.  Attention  turns,  therefore,  to 
bert  and  Joseph  E.  sources  of  supply  other  than  the  porous  roclcs 
Pogue.  Smithsonian  In-  of  oil  fields  thus  far  exclusively  exploited  in 
•titution.  United  States  this  country.  It  Is  of  great  significance.  there- 
National  Museum,  Bulla-  fore,  that  within  the  past  five  years  geological 
tin  102,  Part  6.  1918.  explorations  on  the  part  of  the  United  States 

Oeoloelcal  Survey  have  definitely  established 
the  existence  of  vast  areas  of  black  shale  In  Utah.  Colorado  and  Wyoming, 
much  of  it  capable  of  yielding  upon  distillation  around  fifty  gallons  of  oil, 
3,000  cubic  feet  of  ^as.  and  seventeen  pounds  of  ammonium  sulnhate— 
the  whole  constituting  an  oil  reserve  aggregating  many  times  the  orig- 
inal supply  of  petroleum." 

"The  Oil  Shale  Areas,**  "These  shale  areas  will  be  developed  in  time 
Dorsey  Hager,  'The  on  as  safe  and  sane  a  basis  as  our  coal  mines 
Search  for  New  Oil  of  today.  When  that  time  arrives,  the  remains 
Fields  in  the  United  of  oil  prospecting  will  have  fied  and  the  whole 
Statea,**  Engineering  and  complexion  of  oil  production  will  change.  It 
Mining  Journal,  New  will,  literally,  be  oil  mining  with  steam  shovels 
York  City,  January  5,  In  open  pits  and  glory  holes:  and.  later,  tunnels 
1919.  and  adits.     There  will  be  no  lack  of  oil  prod- 

ucta  for  several  generations  to  come,  but  the 
true  oil  fields  of  today  will  probably  disappear  within  another  generation 
and  h^  replaced  by  oil  mines. 


•• 


''Billions  of  Barrels  of  *''s  the  United  States  facing  a  gasoline  famine? 
Oil  Locked  up  In  Rocks.**  Shall  wo  be  required  to  forego  automoblling 
by  Guy  Elliott  Mitchell,  except  to  meet  the  stem  necessitien  of  war 
of  the  United  States  and  of  utilitarian  traffic?  Are  our  petroleum 
Oeologieal  Survey,  in  the  fields  showing  signs  of  exhaustion? 
National    Geooraphio  *The  outnut  of  petroleum  has  not  yet  be- 

Maoaxlne   for  February,    gun  to  diminish:  statistics  show  that  it  is  still 
191S.  ipcreasin?:  vet  the  downward  trend  of  produc- 

tion from  the  present  oil  fields  is  plainly  In  sisht. 

**The  war  has  made  a  sadden  and  enormously  increasing  demand  on 
the  oil  fields  of  America,  and  thouch  the  Industry  has  never  been  so 
feverishly  active  as  It  is  now  and  the  output  never  so  larre.  th«»  tn^th 
la  that  the  demand  has  not  been  entirely  met.  And  during  the  next  year 
and  as  long  aa  the  war  lasts  the  demand  will  be  ever  Increasing,  ever 
more  pressing. 

"Many  of  the  host  of  larger  vessels  that  we  are  now  building  will  be 
•quipped  with  oil-burning  fumacea,  and  the  vast  swarm  of  airplanes  that 
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Oil  Consumption  "Californlm  cmde  stock  Is  the  lowest  In  years. 
Excssds  Production —  Reduction  of  crude-oil  stocks  In  California  to 
Pstrolsum,  January,  1918  slightly  loss  than  34,000,000  barrels,  the  small- 
est in  more  than  six  and  one-half  years,  empha- 
sizes the  stronRth  of  the  oil  situation  on  the  Pacific  Coast.  Several  mil- 
lion barrels  are  regarded  as  unavailable  for  use.  so  actual  surplus  is 
smaller  than  appears.  Consumption  of  crude  oil  by  Pacific  Coast  rofln- 
eries  has  been  exceeding  production  at  rate  of  about  l.OOO.OOO  barrels  a 
month  the  last  year  or  so.  In  twenty-two  months  California  stocks  of  oil 
In  storage  and  above  ground  have  been  depleted  by  over  23.0O0.000 
barrels/' 

Dean  E.  Winchester,  "In  Colorado  alone  there  is  sufficient  shale,  in 
U.  8.  Geological  Survey,  beds  that  are  three  feet  or  more  thick  and  ca* 
Bulletin  641-F,  Page  141.    pabl<»  of  yielding   more  oil  than   the   average 

shale  now  mined  In  Scotland,  to  yield  About 
20,000.000.1100  barrels  of  crude  oil.  from  which  2.000,ooo.ooo  barrels  of  cas- 
oline  may  he  extracted  by  ordinary  methods  of  refining,  and  in  T^tah 
there  is  probably  an  equal  amount  of  shale  Just  as  rich.  The  same  Rhalp 
in  Colorado,  in  addition  to  the  oil.  should  produce,  with  but  little  addcnl 
cost,  about  300.000.000  tons  of  ammonium  sulphate,  a  compound  espe- 
cially valuable  as  a  fertilizer.  The  industry  requires  a  large  equipment 
of  rotorts.  condensers,  and  oil  reflnorios.  as  well  as  of  mining  machinery, 
so  that  it  cannot  be  profitably  handled  on  a  small  scale.** 

Professor  Charles  Bask-  *'The  development  of  the  Scotch  shale  oil  In- 
•rvllle.  College  of  the  dustry  has  been  carried  out  with  skill  and  en- 
City  of  New  York,  Engl-  orgy,  and  it  is  to  be  regretted  that  the  industry 
neering  and  Mining  Jour-  has  not  met  with  the  entire  commercial  suc- 
nal,  July  24,  1909.  P.  150.    cess  it  woll  desert* es.     E^-er  since  .1K50.  it  has 

only  l>een  by  skilful  management  and  the  con- 
stant and  intelligent  application  of  science  to  the  improvement  of  pro- 
cesses and  to  the  utilization  of  waste  products  that  the  oil  manufacturers 
of  Scotland  have  In^n  able  to  hold  their  own.  The  success  of  the  com- 
panies now  in  operation,  however,  is  shown  by  the  following  list  of  divi- 
dends paid  annually:  1904-1D«»7.  Young's.  «  per  cent:  OaklMink.  15  per 
cent:  Broxburn.  15  per  cent:  Pumpherston,  20.  30  and  50  per  cent:  Dal- 
meny.  lo  and  25  per  cent,  and  in  19O6-1907.  nil  " 

•IQNIFICANT  Oil  shale  land  Is  primarily  acquired  from  the  govern- 

FEATURE8  ment  under  the  Federal  mining  laws  govornlng  placer 

mining  claims.  At  the  present  time,  however,  all 
shale  land  advantageously  situated  has  beoD  filed  on  and  is  owned  by 
Individuals  or  corporations. 

Oil  shale  itself  varies  greatly  in  different  localities  and  in  dlfTerent 
strata  in  the  same  locality. 

The  oil  shale  industry  is  a  comprehensive  one  and  embraces  features 
of  mining,  shale  reduction,  mechanical  engineering,  oil  refining,  applied 
chemistry,  and  the  bu8ln'.>s8  involved  in  marketing  the  products. 

Little  manual  labor  is  required  as  automsUc  machinery  does  the 
bulk  of  the   work. 

Variation  in  the  estimated  cost  of  producing  crude  snalo  oil  Is  caused 
by  the  exclusion  or  inclusion,  in  the  estimate,  of  the  by-products  in  the 
retorting,  like  ammonium  sulphate.  Another  cause  of  difference  is  the 
high  or  low  estimste  of  the  amount  of  shale  oil  that  can  l>e  extracted 
from  each  ton  of  shale.  Inasmuch  as  there  is  known  to  exist  in  the 
De  Beque-Parachute  district  a  large  commercial  supply  of  shale  that  will 
produce  a  barrel  of  crude  oil — 42  gallons — to  the  ton  of  shaie  and  such 
abale  deposits  have  the  economic  adrantages  of  altitude,  nearness  to 
wmter,  acceaslbility,  and  proximity  to  transportation,  one  la  on  a  safe. 
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